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ABSTRACT 
As a versatile building block, 3,4-bis(trimethylsilyl)furan (105) was conveniently 
obtained by an oxazole-alkyne Diels-Alder reaction. A catalytic amount of trifluoroacetic 
acid was found to efficiently promote the rearrangement of 105，furnishing 2,4-
bis(trimethylsilyl)furan (107) as the only isolable product. Furan 105 was found to 
undergo Diels-Alder reactions wi th dienophiles, in which extrusion of 
bis(trimethylsilyl)acetylene occurred when 105 reacted with acetylenic dienophiles. 
Furan 105 was also found to undergo regiospecific electrophilic substitution at the 
unsubstituted a-position and gave a pair of regio-isomers. The regiospecific mono-ipso-
iodination of furan 105’ gave iodofuran 120, which was converted by Heck-type, Stille-
type, or Suzuki-type palladium-catalyzed cross-couplings into a number of 4-substituted-
3-(trimethylsilyl)furan. Furan 105 was converted regiospecifically to various 3,4-
disubstituted furans, utilizing consecutively and repeatedly an ipso displacement of the 
trimethylsilyl group with boron trichloride and a novel palladium-catalyzed Suzuki 
coupling reaction of the resulting boroxines. Moreover, an efficient and regiospecific 
synthesis of furan-3,4-diyl oligomers uti l izing palladium-catalyzed reaction of 
organoboroxines and (9rf/zo-bis(bromomethyl)arenes have also been achieved. 
- v i i i -
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Chapter I. The Reaction and Synthesis of Furans 
LI. Introduction 
In the area of heterocyclic chemistry, there are many classes of compounds which 
are readily available and have been used to construct more complex molecules with built-
in functional groups for further exploitation. Important examples of such compounds are 
polysubstituted furans which indeed play an important role in the field of heterocyclic 
chemistry.! Furans occur abundantly as structural units in many natural and non-natural 
molecules, and enjoy wide application in a variety of commercially vital products such as 
pharmaceuticals,2 heterocyclic polymers,^ as well as flavor and fragrance compounds.^ 
Moreover, for the preparation of a wide range of cyclic and acyclic organic compounds, 
fuan derivatives are versatile and excellent synthetic intermediates. In this connection, 
they are able to participate as diene components for inter- and intra-molecular Diels-
Alder cycloadditions, as latent 1,4-diketones and also as butenolide building blocks.^ 
Due to the significance of polysubstituted furans in many ways, new synthetic 
methods leading to these ring systems are therefore the objectives of a plethora of 
synthetic studies. For this reason, the scope of the synthesis and application of 
polysubstituted furans have broadened enormously in the last decade. It is noteworthy 
that a strong impact have come from the discovery of transition metal catalyzed reaction, 
which are eminent for their high regioselectivity, their mild conditions as well as their 
toleration of various functional groups. 
In order to provide a framework of reference for the discussion to be presented in 
the latter sections of this thesis, a brief review of the reactions and syntheses of 
polysubstituted furans are given in Sections 1.2 and 1.3. 
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1.2. General Survey of Reactions of Polysubstituted Furan 
1.2.1. Electrophilic substitutions la，lb 
Furan ring is electron-rich and exhibits great reactivity towards electrophiles.l 
Considering the directing effect of the oxygen atom, electrophilic attack takes place 
preferentially at the a-position of oxygen rather than at the p-position.la This can be 
understood in terms of resonance stabilization or delocalization of the positive charge in 
the intermediate cations. Three resonance structures can be drawn for the a-attack, 
whereas only two can be drawn for the p-attack (Scheme 1)，it can be seen that resonance 
stabilization or delocalization of the positive charge is greater in the case of the cation 1, 
rather than in the cation 2，where the C 4 - C 5 double bond cannot be mesomerically 
involved in the delocalization of the positive charge, la 
1 V J 
a-attack ^ 
1 
、〇 2 O o , 
p-attack 2 
Scheme 1 
Empirical correlations can readily be made on the directing effect of the 
substituents from a great majority of available experimental data.la，lb For substituents 
with -I, and +M effects, the orienting effect of such substituents (halogens, alkoxy, 
- 2 -
thioalkoxy, amino, alkylamino, etc) is similar to that of alkyl group (+I e f f e c t s ) . l a , l c i f 
the substituent is in the 2-position, further substitution occurs at 5-position; i f it is in 3-
position, substitution occurs preferentially at 2-position, unless the steric requirement 
forces the incoming substituent to 5 - p o s i t i o n . l b， l c For substituents with -I, and -M 
effects, like NO2, CN, COR, are present at the 2-position, the 5-position wi l l be 
deactivated by a mesomeric effect, but this is generally overwhelmed by the powerful 
orientational effect of the heteroatom and as a result 5-substitution is still ensued. 1 Lewis 
acid enhances the -M effect of the substituent in 2-carbonyl-substituted furans so that 
electrophilic substitution gives appreciable amount of the 2,4-isomers, i f a -M substituent 
is in the 3-position, the effects of the oxygen atom and the substituent are in alliance, 
which wil l direct the electrophile to the 5-position. In the case when a +I substituent is in 
the 3-position, the 2-position is more activated by electronic effects, but the 5-position is 
unhindered and mixtures of 2,3- and 3,5-isomers are usually obtained. la，lb 
1.2.2. Nucleophilic reactions l 
Carbanions can be generated from furans by proton/lithium exchange, or by 
halogen/lithium exchange.^ Using butyllithium, furan is deprotonated at the a-position. 
2,5-Dilithiation of furan can be achieved efficiently by careful control of the reaction 
conditions^ This phenomenon is usually explained by the so-called "heteroatom effect", 
i.e. an inductive effect of the oxygen atom, which stabilizes the carbanion by withdrawing 
its electron density.6a 2-Lithiofuran reacts well with alkyl halides to give 2-alkylfuran 
without giving elimination as a side reaction. 2-Substituted and 2,5-disubstituted furans 
are readily converted into alkanes and 1,4-dicarbonyl compounds, r e s p e c t i v e l y . l a ’ l b 
When both a-positions carry substituents, metallation of 3(4)-position may or may not 
occur, depending on the nature of the substituent. 
- 3 -
Bromo and iodo-substituted furans (at a, or p-position) undergo ''ipso" halogen-
lithium exchange with butyllithium and give rise to the corresponding furyllithium 
species in high yields.8 
Considerable regioselectivity is possible with the lithiation process, especially 
with the milder reagent LDA. In contrast to /z-BuLi, which simply converts 3-bromofuran 
into 3-furyllithium, LDA removes the 2-proton adjacent to the 3-bromine 9 w-BuLi 
removes a-bromine in preference to p-bromine although p-bromine can still be removed 
subsequently. 
Very few furan 3-carbanions are stable except at low temperature. Ring opening is 
common with heavily substituted furan anion. 10 i t has been reported that 3-lithiofuran 
rearranged to 2-lithiofuran at temperature above -40 
By choosing a substituent with an m/zo-directing capacity, such as a carboxy 
group, 1,3-dioxolanyl, or a hydroxymethyl at the 3-position of furan, regiospecific 
metallation at C-2 becomes possible. ^ ^ Although the exact mechanism of this reaction is 
not known, it is usually thought of as an initial co-ordination of the lithium with the lone 
pair on the substituent which anchors the base and simply removes the nearest proton, 
which happens to be ortho to the substituent.^^ 
Most studies on nucleophilic substitution of furan have been made with a 2-
substituted furan activated by a -M group at the 5-position, such as the reaction of furan 
with ammonia and its derivatives is of considerable synthetic utility (Scheme 2). 13 _  
- 4 -
X I l R ^ ^ R 八 。 〜 O R . 
o-
— j t T — r f O H 
Scheme 2 
1.2.3. Cycloaddition reactions 
As important building blocks and typical dienes, polysubstituted furans were 
regio- and stereoselectively able to undergo inter- and intramolecular Diels-Alder 
reactions with dienophiles, leading to the formation of a wide range of six-member 
heterocyclic systems.5 Aromatic compounds can be obtained by deoxygenation of the 
initial adducts.l4 
Me COoMe O MeOzC� J 2 MeOgC \ .Me 
+ 150 oc L 》-^<^C02Me 
J ^ / sealed tube ^ ^ 
Me COgMe COzMe 
Me 
Tie 丨 4,uaih4 
EtgN, T H F J L - s . 八 
而 M e O a C ^ ^ ^ ^ ^ C O a M e 
。 Me 
Scheme 3 
Furan does not undergo photodimerization, but is able to undergo a 
photochemical [2+2] cycloaddition with carbonyl compounds, including aliphatic 
- 5 -
aldehydes, and aliphatic ketones, a,p-unsaturated aldehydes, diketones, aromatic or 
heteroaromatic aldehydes and ketones to yield oxetanes.^^ 
〜 H 
Scheme 4 
Intramolecular [2+2] photochemical cycloadditions involving side-chain n-
systems in addition to the furan double bond are able to provide useful entries into a 
complex of annulated heterocyclic systems (Scheme 5). As can be seen in Scheme 5, the 
product was utilized in the synthesis of ( 士 ) - b i l o b a l i d e . l 6 
O O OPivH 
丨V < 0 h\)，hexanes, 730 nm y ^ ! _ ！ 二 。 
\ _ ^ ^ ^ Uranium glass filter — ^ ^ 
MeaSiO H ^ ( M e ) 3 ' ' 5。％ Me3SIO�� , .C^'『(Me )3 
Piv = pivaloyi 
Scheme 5 
Prop-2-ynylic ethers 3 have been used as dienophiles in the context as vinylfuran 
dienes, but a much more efficient cyclization has been developed by Kanematsu's group, 
83�C �d2 





which involved the corresponding allenic ethers, obtained by base catalyzed 
reorganization of the initial acetylenes, and let to nearly quantitative yields of the 
annulated furans 4 (Scheme 6). 17 
Furans are highly susceptible to photooxygenation and the reaction are usually 
carried out at low t e m p e r a t u r e , lb，ic Tetraphenylporphine-sensitized photooxidation of 
2,5-dimethylfuran yielded peroxide 5，which was relatively stable in solution and could 
be codistilled with carbon tetrachloride at -20°C under reduced pressure. On treatment 
with methanol hydroperoxide 6 was yielded (Scheme 7). 18 
O 




1.2.4. Oxidation reactions 
The oxidation of furans is of current relevance and significance from the view 
point of chemical and toxicological interest. On the one hand, i.e. the parent furan 
epoxide, the primary oxidation product, constitutes a highly reactive intermediate, which 
is responsible for DNA damage through alkylation. Moreover, the strongly electrophilic 
cw-enedione, the valence isomer of the furan epoxide, has been shown to be cytotoxic 
and even mutagenic. 19 
As an electron-rich character, furan is particularly sensitive to oxidation and most 
reactions involve 1,4-addition of the oxidant to the diene system {vide •swprfl).18，20 
Electrochemical oxidation is remarkably effective when furans are used as starting 
material, This method possesses a variety of features which may not be achieved by other 
- 7 -
methods. The anodic oxidation of furans (Clauson-Kaas reaction) in alcohol, for instance, 
yielded c i s and rran^-2,5-dialkoxy-2,5-dihydrofurans 7 which were the synthetic 
equivalents of the corresponding unsaturated c/«s-l，4-dicarbonyl compounds (Scheme 
8).21 cis and trans-1,4-Dicarbonyl compounds were also obtained by oxidation of furans 
with cerium (IV) ammonium nitrate.22 
7 
Scheme 8 
A flavoring agent, cyclotene was synthesized using the aforementioned strategy 
from methylfurfuryl alcohol (Scheme 9).2l，23. 
j r \ • M e 、 f = \ .OMe H。’ Ni M e 、 / ~ \ OMe 
Me 八 M e O > ^ 0 ^ 7/IeO 父 。 ^ ^ 。 “ 
OH OH 
O 
1.H- 1 / V O H 
2. O H " " " “ \ _ ( J 
80% Me 
Scheme 9 
Since the transformation of furans to 2,5-dialkoxylated-2,5-dihydrofurans was 
also achievable by using bromine as the oxidizing agent (Scheme 10)，it may be useful to 
compare the bromine method with the anodic one.24 
C H O O H C H G O H O 
_ / 1. Bra, -78�C _ / 11 
MeOH, HzO^ / = \ ^ O M e PH 6.3 ^^^^N^CHzOH 




Numerous synthesis of butenolides have been developed via oxidation of the 
furan nucleus. For example, A^-butenolides 8 were realized from 5-alkyl-2-
(trimethylsilyl)furan by the action of peracetic acid (Scheme 11).25 In a similar way, A^-
butenolides were formed from 3- or 4-substituted-2-(trimethylsilyl)furans26 
j f \ CH3CO3H ^ J - - V 
R 八O SiMeg CH2CI2 R ^ o ^ O 
8 
Scheme 11 
Vanadium(V)-catalyzed epoxidation of 2-furancarbinols with rm-butyl 
hydroperoxide provides 6-hydroxy-3(2H)-pyranones 9 (Scheme 12).27 An 
enantioselective synthesis of the canadensolide-type bislactone via the versatile pyranone 
derived from the chiral furylcarbinol has also been accomplished.^^ 
J / ^ ^ O H ,BuOOH’ VO(acac), ^ J l ^ ^ ^ O H ^ 
R o CH2CI2 T R1 R1 
« 發 一 一 X > 。 
R1 Ri H 9 
Scheme 12 
L2.5. Reduction reactions 
The catalytic hydrogenation of furan has been studied in great detail, and a review 
is available Reduction of the furans to tetrahydrofurans might be achieved with 
palladium catalysts in either the vapour or the liquid phase and stereoisomeric mixtures 
resulted.30. Nickel catalysts give higher yields of cw-disubstituted tetrahydrofurans than 
palladium c a t a l y s t s . 2 9 ’ 3 0 Rhodium catalysts behave similarly.31 Thus, catalytic 
- 9 -
hydrogenation of 10 over rhodium on charcoal proceeded in 96% yield, giving a single 
stereoisomer 11，which was further used to prepare (±)-nonactic acid (Scheme 13).32 
OAc r — ^ H f^h/c aAe j ~ V 
10 O " 1 1 OH 
OH ^ 




Birch reduction of 2,5-disubstituted furan gave good yields of 2,5-disubstituted-
2,5-dihydrofurans, which were obtained as mixtures of cis- and rra«5-diastereoisomers 
(Scheme 14).33 
j r \ i.=3， 
" P r 八 2 . MeOH, HCI " P r 八 o ^ C O z M e 
75% 
Scheme 14 
1.3. New Progress in the Synthesis of Polysubstituted Furans 
There is a resurgence in the literature of new and effective methodologies for 
furan syntheses in the last decade, due to the rapid development of organic chemistry, in 
particular organometallic chemistry. As a result of these activities, many new possibilities 
for furans synthesis have been recorded. In order to focus our attention on the new 
synthetic methods, some old and not so frequently used methods are not discussed here 
since they have been reviewed elsewhere，l some latest developments in furan synthesis 
are outlined below. 
- 1 0 -
1.3.1. From carbohydrates 
This is a classical method which usually proceedes in good yields. Andrews has 
recently reported that ketose sugars were decarbonylated and/or dehydrated by the action 
of certain metal complexes. In this manner, fructose reacted with RhCl(PPh3)3 in N-
methyl-2-pyrrolidinone (NMP) at 130。C to give furfuryl alcohol 12 (Scheme 15).34 
CHgOH /CH2OH 
= 0 RhCILg OC~Rh - H2O • 
CH0H)3 “ O x i d a t i v e (CH0H)3 
CH2OH 二 = CH,OH 
“ Q HO OH -
O C - R h ~ ^CHgOH / ~ ( 
H T ~ ^ H O C H 2 � r , 2 
HO OH OC 
一 _ 
-2H20 . r \ 
reductive N ^ n ^ ^ C H o O H 
elimination ^ 
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Scheme 15 
1.3.2. The Passerini-type reaction 
The Passerini reaction between arylglyoxals, isocyanides and cyanoacetic acid 
afforded N-substituted-3-aryl-2-cyanoacetoxy-3-oxopropinoamides 1 3 , which were 
cyclized in the presence of triethylamine to give N-cyclohexyl-3-(4-chlorophenyl):4-
cyano-2,5-dihydro-5-oxofuran-2-carboxamides 15.35 The ^H NMR spectra of these 
condensation products showed that an equilibrium did exist between the tautomeric 
structures 14 and 15. A further proof for the acidity of the hydroxy group is the reactivity 
- 1 1 -
of 15 with diazomethane, yielding very rapidly 5-methoxy-3-(4-chlorophenyl)-4-cyano-
N-cyclohexylfuran-2-carboxamide 16 (Scheme 16). 
O O 
A r Y ^ H O NCCH2CO2H, RNC ^ Ar^^^^^^Y^NHR EtgN (cat.), MeCN 
O EtzO. 10 X to r. t. ^ O 
O 
13 
NC Ar NC Ar 
y = { H > V - / CH2N2, CHCI3, EtzO 
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1.3.3. Via y,5-unsaturate(l p-ketoesters 
Recently, B^gue has reported the preparation of substituted a -
trifluoromethylfurans 17 (Scheme 17)36 through the iodocyclization of Y,5-unsaturated p-
ketoesters. lodoetherification was usually performed in an aprotic solvent such as MeCN 
or C H 2 C I 2 in the presence of sodium carbonate or hydrogen carbonate and iodine. The 
proposed mechanism involved an attack on the iodonium ion by the oxygen atom of the 
enolate, leading to a dihydrofuran. Substituted furans were formed by two further steps, 
i.e. dehydrohalogenation and aromatization by isomerization of the double bond. 
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OEt OEt 
17 90% I 
Scheme 17 
1.3.4. Via tantalum-alkyne complex 
A variety of 2,3,4-trisubstituted furans were prepared by treatment of tantalum-
alkyne complex with aldehydes followed by addition of an isocyanide (Scheme 18).37 
The regioselectivities of the reactions were determined at the insertion step of aldehydes 
into tantalacyclopropene 18 and were controlled by the bulkiness of the substituents of 
the acetylenes. Yields of furans 19 were critically dependent on the amounts of the 
isocyanide. An excess of isocyanide, interestingly, retarded the formation of furans.37 
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1.3.5. Via addition of carbenoids 
Furan synthesis via an addition of rhodium (Il)-stabilized carbenoids to acetylenes 
was first reported by Davies (Scheme 19).38 The reaction was believed to proceed 
through an ionic intermediate 20. In this reaction, two electron-withdrawing groups were 
introduced, and the Ar group should be electron-donating in order to keep the reaction in 
favour of the ionic pathway to form furans 21. Otherwise, cyclopropenes would be the 
major products. 
Ar ^ --
0 Me O COMe 
I + X ~ ^ A r l V ^ e ~ - J ~ \ 
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A similar reaction has been studied by Padwa (Scheme 20),^^ who found that the 
cyclopropenes 22 were catalyzed by rhodium to form furans, giving different regio-
isomers (23 or 24) according to the valence state of the rhodium catalyst. 
/C4H9 
Rh2(OAc)4 N _ / 
+ H /C4H9 CeHs o , 
！ ~ ^ — 助 e 23 
M e ^ ^ C 6 H 5 tciRh(CO),],^ 




Padwa has also developed a synthesis of furans 25 utilizing an intramolecular 
tandem addition of a carbenoid to a carbon-carbon triple bond, and was followed by 
interception of the newly generated carbenoid center by the adjacent carbonyl group 
(Scheme 21) 40 
R 2 O 「 R h "I 
、。人0 L ( c r ^ o j “ ( 0 乂。 
25 
Scheme 21 
1.3.6. Via cycloaddition of alkyne and isomiinchnone 
The cycloaddition derived from the intramolecular cycloaddition reactions of 
acetylenic isomunchnones fragment afforded annulated furans. Thus, treatment of 
acetylenic diazoamide 26 under the same conditions as used in Section 1.3.5 (see Scheme 
21)40 produced 4,5,6,7-tetrahydrobenzofuran 29 in 62% yield (Scheme 22)41 This result 
t 
- 1 5 -
was interpreted in terms of carbonyl ylide formation 27, which was followed by a 1,3-
dipolar cycloaddition across the tethered acetylene to give cycloadduct 28 which then 
underwent a subsequent cycloreversion reaction to yield furan 29. 
OCHsPh 
PhCHzO O O f ^ 
Rh2(OAc)1 cO^Me 
Me N2 X 






An analogous isomiinchnone/alkyne internal cycloaddition-fragmentation process 
was also reported by Padwa.42 Treatment of diazoimide 30 with rhodium (II) acetate 
produced an isomiinchnone dipole 31. 1,3-Dipolar cycjpaddition of 31 with dimethyl 
acetylenedicarboxylate gave cycloadduct 32 which subsequently fragmented via a retro-
Diels-Alder reaction into furan 33 in 85% yield (Scheme 23). 
、 
T-
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Scheme 23 
1.3.7. Via reaction of metal carbene complexes with alkynes 
The reaction between tricarbonyl cobalt carbene complex 34 and diethylacetylene 
could be driven completely to furan 35 in a high yield (Scheme 2 4 ) , a n d this result was 
also observed to be independent of acetylene concentration but was inhibited by CO (3 
atm). 
R2 R2 
OMe \ / 
Ar3Sn(CO)3Co={ + R^C^CR^ 剛 ， s o � c � J p i 
拟 35 
Scheme 24 
A similar reaction has been studied by Semmelhack, who found that alkynes react 
with [(dimethylamino)phenylmethylidene]tetracarbonyliron(0) (36) with incorporation of 
CO to give 5-(dimethylamino)furans 37 as the major products (Scheme 2 5产 
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Scheme 25 
1.3.8. Via r|2-thiophosphinito complexes of cobalt 
In the presence of triphenylphosphine, the (T|2-thiophosphinito)cobalt complex 
{Ph3P[Co(CO)2](ri2-S=PEt2) (3 8 ) reacted wi th alkynes to give the 
thiaphosphacobaltacyclopentadienes 39. The furan derivative 41 was obtained from 39 
and alkynes by hydrolytic decomposition of the inseparable cyclotrimerization product 40 
(Scheme 26).45 Furan 4 1 was also formed likewise by the reaction of 38 with an excess 
of alkynes in the absence of PPh3. 
PPh3 PPhs3� , 
PPH3 . PPHS 
R' P« 
[CO] = (OC)2CO R, = COGME 
38 39 
R•，-R；^  [Qo] "^ eO X 
[Co】、J ^ ^ I ^ . P E t z O 
R- R + R' 
40 41 
Scheme 26 
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1.3.9. Via Palladium-catalyzed annelation 
1.3.9.1. Via propargyl carbonates and 2-(l-alkynyI)oxiranes 
Propargyl carbonates reacted with p-ketoesters and p-diketones in the presence of 
a palladium catalyst in a 1:1 ratio to form methylenedihydrofurans 42 and/or furans 43 in 
moderate to good yields (Scheme 27).46 Methylene dihydrofurans 42 were easily 
isomerized into furans 43 on treatment with aqueous hydrochloric acid. 
R4 A 
01 I O 
CH2 \\ 
C = 0 Pd2[(Ph-CH=CH-)2CO】3 ^ _ / 
CH2 Et2PCH2CH2PEt2, THF (NaH) ‘ 
r 2 人 R 3 C = 0 二 
R5 42 
0 
HCI, H2O ^ 
~ 2 0 - 9 6 % R I - ^ q A v ^ R ' * 
43 
Scheme 27 
1.3.9.2. Via 2"(l-alkynyI)oxiranes 
A new furan annelation reaction by the palladium-catalyzed reaction of 2-( l-
alkynyl)oxiranes with p-keto esters was described by Tsuji. The furan annelation is 
illustrated in Scheme 28.47 Oxidative addition of 2-(l-alkynyl)oxiranes to Pd(0) species 
afforded complex 44 after which a proton transfer between 44 and p-keto esters took 
place. The subsequent two-step nucleophilic substitution reaction gave furan 45. 
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1.3.9.3. Via a,p-alkynyl ketones and p,Y-alkynyI ketones 
Miura found that a palladium-catalyzed cross-carbonylation of aryl iodides and 1-
aryl-2-alkyn-l-ones proceeded efficiently in the presence of PdCl2(PPh3)2 using EtsN as 
a base, providing smoothly 2-alkyl-3-aroyl-5-arylfurans in good yields. The palladium 
A r V ^ O A r ^ ^ O 




X O y A r Ari O ^ 
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species ArCOPdX generated in situ added to the alkyne to form an alkenyl palladiun 
complex 46 which isomerized to a 7i-allylcomplex 47. Subsequent steps involved 
elimination of a hydridoiodopalladium accompanied by ring-closure via an oxallyl 
species 48 to afford furans 49 (Scheme 29).^^ 
Huang and co-workers reported a simple synthetic method for substituted furans 
based on a palladium-catalyzed rearrangement of 2-alkynyl aryl ketones. As shown in 
Scheme 30, the rearrangement of a-alkynyl aryl ketones to either 2,5-diaryl- or 3-alkyl-
2,5-diarylfuran 50 was accomplished by a palladium-catalyst.^^ 
R2 R2 H PdL 
toluene 
U 70-100。C O 
R 2 J ^ d L 3 R2 H R 2 
R l - y ~ - / R3 ——-Jl \ 。 
1 � -PdL ^ o R1 入 
50 
Scheme 30 
Utimoto developed an annelation method utilizing a palladium-catalyzed reaction, 
in which p,y-alkynyl ketones afforded furans by an intramolecular oxypalladation and 
subsequent protodemetallation. 3-Allylfuran were exclusively obtained by trapping the 
intermediate 3-furylpalladium species 51 with allyl halides in the presence of 2,2-
dimethyloxirane as a proton scavenger (Scheme 31).50 
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1.3.9.4. Via 2-propargyl-l,3-dicarbonyl compounds and vinylic or aryl triflates or 
halides 
The palladium-catalyzed cyclization of 2-proparyl-1,3-dicarbonyl compounds 
with vinylic or aryl triflates or halides in the presence of K 2 C O 3 produced 2,3,5-
trisubstituted furans 52 in good yields (Scheme 32).51 
O o 
Pd(PPh3)4 
^ X X + Ar l K2CO3’ OMP ‘ ^ ^ K / R 
O 60 °C 
52 
Scheme 32 
Mechanistically, it reportedly involved a reaction sequence which may proceed 
through the formation of the 7C-palladium complex 53; generation of the o-vinylpalladium 
- 2 2 -
complex 54 via regioselective trans addition of the oxygen and palladium across the 
carbon-carbon triple bond (exo-dig process); reductive elimination of Pd(0) to give 55 
and isomerization of 55 to furan 52 (Scheme 33)^^ 
O O 
55 52 
^ ^ RX 
J ^ ^ P d R - - 。 人 \ 
53 
Scheme 33 
1.3.9.5. Via 3- or 4-alkenyI alcohol 
2,5-Disubstituted furans were also prepared through a Pd(II)-catalyzed 
intramolecular cyclization of 2-(p-toluenesulfonyl)-3-butenols and 2-methanesulfonyl-4-
• _ 
Ts Ts 
\ _ , PdCl2, CUCI2 \ _ . 。 身 _ . 
TMU, EOA / PTSA J / \ 
八 H R3 EtOH ‘ R 1 、 0 人OEt 
L 」 > 70。/。 
Scheme 34 
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pentenyl alcohol (which were readily available by the reaction of carbanions of 
allylsulfones and aldehydes) in good yields (Scheme 34).52 
1.3.9.6. Via 2-butene-l,4-dioIs 
Furans were easily obtained by (Z)-2-butene-1,4-diols with the Pd(0Ac)2-
CU(0AC)2-02 catalytic system without solvent. (iE^)-2-butene-1,4-diol did not react in 
these conditions (Scheme 35). 53 
Kr 2 
H Pd(0Ac)2, Cu(0AC)2. O2 L j r \ 
… n u u n 8-12 h, 40-120。C R1 八 。 入 R ' 
22-77% 
Scheme 35 
1.3.10. Via a，p- and p,Y-unsaturated ketones 
Cohalogenation of a,P-unsaturated ketones is a well-known reaction, leading 
regioselectively to a-halo-p-alkoxy ketones in good yields. A recent study on the 
synthetic potentials of such functionalized halo ethers has led to the discovery of a new 
efficient synthesis of 2-acylfurans by exploiting the tandem cohalogenation-
dehydrohalogenation of methyl vinyl ketone. Reaction of a-bromo-p-alkoxy ketones 56 
with l,8-diazabicyclo[5,4,0]undec-7-ene (DBU) thus resulted in a rapid heterocyclization 
reaction leading to substituted 2-acylfurans 57 (Scheme 36) 
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The epoxy ketones 58 were prepared as diastereoisomeric mixtures (1:1) by the 
oxidation of p,Y-unsaturated ketones with mCPBA. Reaction of 58 in methanolic 
hydrogen chloride gave furans 59 as major products (Scheme 37).55 
mCPBA，CeHfi HCI, 60-65'>C^ 
。人 0人 人〉 
58 59 
Scheme 37 
Application of this method to synthesize furans was also reported by Knochel 
(Scheme 38).56 
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1.3.11. Via allenes 
Since allenes and alkynes are often easily convertible, several of the alkyne-based 
synthesis may well proceed through allenic intermediates (Section 1.2.3). However, there 
are also syntheses that are based specifically on allene chemistry. 
1.3.11.1. via rhodium- or silver-catalyzed cyclization 
Marshall discovered that rhodium or silver catalyzed the cyclization of a-allenic 
ketones to give high yields of 2,3,5-trisubstituted furans (Scheme 39).57 
R 乂 R2 + + R2 
\ _ . _ X r 3 Rh* or Ag+ ^ _ / 
H CH3CN, 90。C ^ J j \ \ 
S R1入0入R3 
Scheme 39 
1.3.11.2. Via based-catalyzed isomerization of alkynyloxiranes 
Alkynyloxiranes were able to isomerize to different substituted furans upon 
treatment with ^BuOK in ^BuOH-18-crown-6. This is an unusual cyclization (Scheme 
40)58 which involved an initial 1,4-elimination of the alkynyloxirane 6 0 leading to the 
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Scheme 40 
cummulene 61. Intramolecular cyclization of 61 gave a vinylic anion 62 which underwent 
a proton transfer via 63 and 64 followed by protonation to furnish 65. 
1.3.11.3. Via addition of acylium ions to allenylsilanes 
A general strategy for the synthesis of five-membered heteroaromatic compounds 
including furans has been developed which involved the reaction of allenylsilanes with 
electrophilic species. The preparation of furans was simply achieved by adding 
allenylsilanes to acylium ions generated from the reaction of acid chlorides with 
aluminum chloride (Scheme 41).59 
0 u R3SI R2 
J ^ 々‘一._^ s i r 3 AICI3, CH2CI2 V - / 
R 3入C I J X . 
83 Scheme 54 
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1.3.12. Via 2,5-dihyclrofurans 
Dehydration of (£:)-3-(trimethylsilyl)-2-alkene-1,4-diol 66 with boron trifluoride 
etherate afforded dihydrofurans, which were easily converted into furans. Either Rl or R2 
l/c4H9MgBr MeaSi H 
Dicyclopentadienyl \ / 
M e a S i - C E C - C H 2 O H + D I人 titanium dichlorida > R1 




RV MegSI H 
^ T " ^ 1 mCPBA or CH3CO3H ^^ / \ 
H2SO4, MeOH R T ^ O 
Scheme 42 
migrated to the 3-position upon epoxidation and treatment with methanolic sulfuric acid. 
The presence of a silicon substituent at C-3 in diols 66 was essential for a successful 
dehydration (Scheme 42)60 
1.3.13. Via radical cyclization 
The development of radical cyclization with predictable regio- and 
stereoselectivity provided a powerful tool for carbon-carbon bond formation. A 
preparation of 2,3,5-trisubstituted furans using this strategy was discovered by Srikrishna 
(Scheme 43)61 
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Chapter II. The Synthesis and Applications of 3,4-Disubstituted Furans 
11.1. Introduction 
3,4-Disubstituted furans are important building blocks of heterocyclic 
compounds. In nature, a number of biologically interesting marine natural products 
having 3,4-disubstituted furan skeletons have recently been isolated and structurally 
elucidated.62 Furthermore, 3,4-disubstituted furans also play an important role either as 
key intermediates or as important building blocks in organic synthesis. In the literature, 
several methods for synthesizing this class of molecules have been recorded {vide infra). 
However, most of these methods involved the use of acyclic precursors, which were not 
otherwise suitable for the preparation of a diverse variety of 3,4-disubstituted furans. The 
synthesis of structurally more elaborate 3,4-disubstituted furans, nevertheless, still 
remains a formidable challenge to many synthetic organic chemists. In order to provide a 
detailed background for further discussion, the syntheses and applications of 3,4-
disubstituted furans are reviewed below. 
II.2. Synthesis of 3,4-Disubstituted Furans 
II.2.1. Via Diels-Alder/retro-Diels-Alder reactions 
4-phenyloxazole reacted with various acetylenes in a tandem Diels-Alder/retro-
Diels-Alder sequence to give 3,4-disubstituted furans (Scheme 44).63 This reaction 
proceeded even with hindered C-silylated and C-stannylated acetylene {vide infra). 
R r 1 
P R 
N ^ ^ Sealed tube N ' T ' V ^ - PhCN f 0 + i| O I ^ ^ ^ O 
P h ^ " ^ D [ p h - ^ M ^ R J 
R 
83 Scheme 54 
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II.2.2. Via 2-butyne-l,4-diol 
The procedure involved methylation of the dianion formed by metallation of the 
monomethyl ether of 2-butyne-l,4-diol. lodination of the intermediate allenol ether 
followed by acidification gave 3-iodo-4-methylfuran in a high yield, which was further 
allowed to react with DMF, yielding 3-formyl-4-methylfuran (Scheme 45).弘 
OMe r "I 
1.2equiv H OMe 1 
, 1 上 H 
讀 。入OMe 
OH L 」 
H3O+ 
r 
Me CHO 1 2 e _ 
f t c ，BuU ^ 
^ Q / 2. DMF, 72% 
Scheme 45 
II.2.3 .Via ylides 
Thioenol ethers 67 were prepared from the a-formylation of ketones followed by 
an acid catalyzed thioenolizatioin. Reaction of 67 with dimethylsulfonium methylide 
converted it into oxiranes 68’ which smoothly rearranged to dihydrofuran 69. Subsequent 
hydrolysis of compound 69 in the presence of mercuric (II) salt afforded 3,4-disubstituted 
furans 70 (Scheme 46) 65 
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Scheme 46 
II.2.4. Via 3,4-dimethyIsulpholene 
The effectiveness of a newly developed method, in which 3,4-dimethylsulpholene 
was used, was put to test by its conversion to annulated furans (Scheme 47).66 Thus, the 
bromination of 3,4-dimethylsulpholene with iV-bromosuccinimide (NBS) gave the 
dibromide, which on hydrolysis with silver trifluoroacetate afforded the diol. 
Furansulpholene 71 was obtained on treatment of the diol with pyridinium chloromate 
CHq CH3 XCHo CHoX CH3 CH3 ^ V - / 
/ SO2 1 / — \ NBS I / ^ y PCC • 
飞 ^ > ： “ S s ) CF3CO3H ‘ 
0 � � � 0 0 � � O 
X = Br N 
X = OH J 
C / T V _ _ . c / v Q 、 ^ • ！ ^ C / y S ^ 
71 
83 Scheme 54 
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(PCC) in the presence of trifluoroacetic acid. The chemical modifications of 71 at the a-
position to the SO2 group and its use as a 3,4-dimethylenefuran synthon in the 
intramolecular Diels-Alder reaction have both been pursued. This method should provide 
an efficient route to annulated furans. 
n.2.5. Via functionalized furan ring 
11.2.5.1. Via Diels-Alder/retro-Diels-Alder reaction 
Alder has developed a satisfactory synthetic route for the preparation of 3,4-
disubstituted furan according to the following Scheme (Scheme 48) 67 The Diels-Alder 
reaction of furan and acetylene dicarboxylic ester, which was followed by reduction 
(H2/Pd) and retro-Diels-Alder reaction to afford 3,4-bis(ethoxycarbonyl)furan. 
COgEt 
。 / ^ 1.100。C ^ ^ ⑵ 2Et 〜 ⑵ 2Et 
O + 0 ——O 
2. HJ/PD L I JL 200。C 
CO^Et 760/0 ^ ^ C O ^ E t 80。/。 ^ ^ C O ^ E t 
Scheme 48 
11.2.5.2. Via furan matathesis 
A new palladium-mediated furan metathesis was developed for the synthesis of 
3,4-disubstituted furans (Scheme 49)68 Diels-Alder reaction between furan and dimethyl 
acetylenedicarboxylate to give an oxa-norbornadiene derivative. Palladium-catalyzed 
annelation of two DMAD molecules to the oxa-naobornadiene at the non-substituted " 
double bond plus a cycloreversion (a retro-Diels-Alder) to eliminate stable 
tetraJds(methoxycarbonyl)benzene formed methyl furan-3,4-dicarboxylate. 
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Scheme 49 
n.2.5.3. Via allene 
It is well know that allene units are versatile dienophiles in the intramolecular 
Oiels-Alder 
reaction due to the absence of unfavorable nonbonded interactions in the 
transition state. From this point of view, Kanematsu developed a 3,4-fused furan 72 
(furan ring-transfer reaction) via tandem intramolecular Diels-Alder reaction of the 
allenyl furfuryl ether followed by base-catalyzed ring opening of the resulting adduct as 
shown in Scheme 50.69 
O - ^ ^BUOK f \ / = \ H 
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II.2.5.4. Via 3，4-disubstituted furans 
11.2.5.4.1. Via 3,4-dihaIofuran 
This method was employed by Zaluski (Scheme 51).70 As a building block, 3,4-
diiodofuran had been prepared through the action of two equivalents of EtMgBr on 
1,2,3,4-tetraiodofuran which was in turn prepared by iodination of fully mercurated furan, 
3,4-diiodofuran was easily converted to functionalized 3,4-disubstituted furans. 
I CHO • •�：Cd2mHf5U OHC B(0H)2 
r i , 1. C4H9Li 八 3. C^HsLI I W 
2. DMF - 4. B(0C4H9)3 \ ^ U 5. H3O+ 
Scheme 51 
11.2.5.4.2. Via 3,4-bis(tributylstannyl)furan 
Via a palladium-catalyzed Stille's coupling reaction with organohalides, 3,4-
bis(tributylstannyl)furan was transformed into a number of symmetrical 3,4-disubstituted 
furans, whereas lithiation and subsequent quenching with electrophiles resulted in the 
BugSn LI BuaSn SnBug ^ ^ 
尸 equ丨V "BuU W 50/0 [(C3H3)PdC.], J V / V q 
THF, -78。C 、。乂 DMF, 70°C, 79% \ < 。 > / 
0 = 0 
^ Ph 
O 、r O 
BuaSn 5% [(C3H5)Pdci]2 ^ N = . V ^ 
V - / OH DMF, 70°C, 70% 
Scheme 52 
substitution of only one the stannyl groups. Subsequent replacement of the second stannyl 
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group was achieved when further coupling reaction was carried out, affording 
unsymmetrical 3,4-disubstituted furans (Scheme 52).7l 
II.2.5.5. Via 3-hydroxymethyl Furan 
Recently, Scott demonstrated the used of 3-hydroxymethylfuran as a building 
block, which was generated under mild conditions into three oxa-analogs of 
porphobilinogen^^ The commercially available 3-(hydroxymethyl)furan was converted 
to 2-(f-butyldimethylsilyl)-3-(hydroxymethyl)furan 73 via a 1,4-oxygen-carbon 
rearrangement. It had been shown earlier by K e a y 7 3 that treatment of 3-
hydroxymethylfuran with n-BuLi led to metallation at the 4-position. It was possible to 
formylate the intermediate with DMF and as a result the desired aldehyde 74 was 
obtained. A Wittig reaction and desilylation of the resulting aldehyde gave 75, which was 
further converted to 76 via four steps as shown in Scheme 53.72 
MeOzC 
厂 OH CHO 厂 OH 厂 OH 
f j ~ \ 1. "BuL【 / f \ PhaPrCHCOzMe^ 1 1 ~ \ 
TBDMS 2. DMF' 、 o TBDMS ^ ^ O TBDMS 
73 74 75 
" A A BU4NF 
MeOgC MeOgC MeOgC ’ 
厂 CN 厂 OH 
l / ~ ~ \ 1 1. NaOH / [ \ : CISOzMe l f ~ \ 
、 0 , 1 2. CH2N2 、 o , '2. Kl, KCN 《 0 ) 
76 
Scheme 53 
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II.3. Some Synthetic Applications of 3,4-Disubstituted Furans 
II.3.1. Furan-3,4-dicarboxylic acids and its esters 
Camptothecin 83 was synthesized by utilizing a substituted furan as a basic 
building block. The keto furan 77，available from furan-3,4-dicarboxylic acid by a 
multistep sequence, was allowed to react with r-butyldimethylsilyl cyanide, to provide a 
nitrile. The nitrile was hydrolyzed to a mixture of amides, on treatment with basic 
hydrogen peroxide. Amide hydrolysis and tetrahydropyranyl ether cleavage eventually 
afforded the dihydroxy acid 78 which was resolved through the use of the natural base 
y ^^OSiMeg^Bu 
'BuMejSiCN 1. H2O2, K2CO3, MeOH 0> •O • 
V j ^ 2. KOH, MeOH, HoO 
^ 2 3 HOAC, H2O 
77 
< ^ 0 H / O^COgMe 
1. quinine 1. h”，O2 
广U AU 2. MeOCOCI ^O 2. SOCI2, Vilsmeier 
CH2OH EtaN ^ ^ reagent 
78 79 
CI. / OCOgMe CI / OCOzMe Y ^ N H 
。 S ^ 。 ,CsHsN,MeCN 
^ ^ ^ ^ J x ^ O + ^ ^ . J s ^ ^ O 2. NaOAc, HOAc ^ 
0 80 0 81 
, O R O 
O 
83 Scheme 54 
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quinine. The quinine salt was directly converted to the optically active lactone 79 by 
reaction with triethylamine and methyl chloroformate. Photooxidation of the lactone gave 
a mixture of pseudo-acids which were converted to the pseudo-acid chlorides 80 and 81 
by reaction with thionyl chloride and a catalytic amount of Vilsmeier reagent. The 
pseudo-acid chloride mixture was stirred with the tricyclic diamine 82 in pyridine-
acetonitrile, and the resulting amide mixture was cyclized using sodium acetate-acetic 
acid to give the methoxycarbonyl derivative of Camptothecin 83 (Scheme 54).74 
Schultz and Motyka'^^ demonstrated the use of methyl-4-(iodomethyl)furan-3-
carboxylate 84 as a precursor, which was prepared from the commercially available 
furan-3,4-dicarboxylic acid ester, compound 84 was used to generate the tricyclic lactone 
MeOgC COgMe ' ~ V COgMe BF3 EtzO I ~ v COgMe 
84 O 85 
MeO^C J V MeO^C 
么 。 。 6 明 — V ^ ^ M e 
HO'Bu, KO^Bu ^ o 
54% O o-r O 
86 87 
V P Me 
J CO,Me J ^ ^ h \ \ 
朋 d/-confertin 
Scheme 55 
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87. Thus, acylation with propionic anhydride and boron trifluoride etherate gave 85 in 
93% yield. Alkylation of 2-methyl-1,3-cyclopentanedione with 85 in the presence of 
KO屯u afforded furan trione 86, which was converted to 87 on treatment with 
phenyltrimethylammonium tribromide. Cyclodehydration of furan trione 87 was 
catalyzed by p-toluenesulfomic acid to afford dienedione 88 (Scheme 55). This pathway 
is a typical example showing the furan-based annelation approach to pseudoguaianolide 
sesquiterpene lactones.75 
Clauson-Kaas worked out a Vitamin Be synthesis on the basis of furfurylamines 
as a key intermediate, which was easily obtained from diethyl furan-3,4-dicarboxylate 
(Scheme 56)76 
EtOaC COzEt AcOCHg CH2OAC 
LAH AC2O, BF3 1 
AcOCHz CH2OAC ACOCH2 CHgOAc 
/ NH^OH / H2，Ra-Ni I 
O 0 O NOH AC2O 
ACOCH2 CHgOAc CH2OH 
\ _ / 1- electrolysis HOCH2. OH 
/ / \ / MeOH ^ 
2. NaOH, H2O 、 九 




For a stereoselective synthesis of lyxopyranosylmalonates, Katagiri has examined 
the use of 3,4-dialkoxyfuran, which is known to be a much more reactive diene in its 
- 3 9 -
Diels-Alder reaction with dimethyl (acetoxymethylene)malonate. As expected, the adduct 
89 was obtained as a mixture of the endo- and e;c<9-isomers. When this reaction was 
carried out at 40 °C, only exo-^9 was obtained as a sole product. Catalytic hydrogenation 
of exo-%9 followed by reductive retro-aldol reaction gave lyxopyranosylmalonate as a 
sole product. This shows that the initially formed ring-opened product 90 was able to 
undergo a ring opening reaction to give 91 in situ due to steric crowding. Compound 91 
finally cyclized to 92 (Scheme 57)77 The product 92 has the fundamental carbon unit of 
pseudomonic acid, an antibiotic having interesting biological activity. 
O MeOzC 入 COzMe RO ACO COgMe ^ 。 COJt^e 
endo-Q9 exo-89 
O r o 
H./Pd.C NIBH： Z / Y O H 
I COgMe / COzMe 
RO L RO 
•V 
COzMe OH COzMe 
R — < > — < _ ^ H 0 C H 2 - Y /=< . ^ 
( C O g M e y j \o^Me f 
RO OR RO OR 






92 (Lyxopyranosyl Oglycoside) 
Scheme 57 
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Also, the inverse-electron-demand Diels-Alder cycloaddition of electron-poor 2-
(trimethylsilyl)ethyl coumalate and electron-rich 3,4-bis(benzyloxy)furan (Scheme 58)78 
was successful. This cycloaddition afforded an approximately 1:1 ratio of the endo-93 
and exo cycloadducts. The cycloadduct endo-93 was used to synthesize 94 and 95，key 
synthons for the bottom halves of the antiparasitic agent ivermectin and the milbemycin 
antibiotics, respectively. 
B n V v O B n 
Y \ + r T MaOH, SiO, 
S / R O z C ^ ^ ^ O reflux \ ) - " - / 。 " S ^ " ^ C 0 2 R 
47% H 
R = CH2CH2TMS 
endo-93 
steps / I Synthon for the b o t t o m | 
JL half of ivermectin I 1 
94 OH 
一 Bno eng 严 
Synthon for the bottom 
steps A half of milbemycin antibiotics 





Magnusson achieved the synthesis of the key intermediate 2,2,4-
trimethylfuro[6,7-c]perhydroazulene 1 0 1 (Scheme 59)，79 which was used to synthesize 
the skeleton of the hydroazulenic sesquiterpene velleral. The synthesis started with a 
cycloalkylation of the enol acetate 96 with furan 97，giving the ketone 98 in almost 
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quantitative yield. This compound was reduced with L i A l H 4 to afford an alcohol, which 
was finally converted to mesylate 99 with mesyl chloride. Solvolytic ring contraction of 
99 in a carboxylic acid-sodium carboxylate mixture gave 100 as a major product. 
Stereoselective hydrogenation of 100 furnished 101 as the sole stereoisomer. 
CI 
x i - + ) c 。 全 
96 CI 97 98 
H 广 「 k . ] 
~ I RCOzNa \ 
1. LAH, 90% I r ^ J in RCO2H j V 
2. MeSOaCI ‘ 1 / 0 
99 O 




Eberbach and co-workers achieved the synthesis of the important furo[3,4-Z?]furan 
derivatives 103 using the thermolysis of (alkynylfuryl)oxiranes 102 as a key cyclization 
step (Scheme 60).80 As a key intermediate, the (alkynylfuryl)oxiranes 102 was accessible 
from 4-trimethylsilylacetylenyl-3-(trimethylsilyl)furan. Compound 102 was heated under 
flash vacuum thermolysis condition to form £/Z-isomeric furofuryl acrylnitriles 103. This 
reaction pathway leading to furo[3，4-/?]furans presumably proceeded via the carbonyl 
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ylide and its 1,7-dipolar cyclization to the cycloallene, which was subsequently 
transformed into the furo[3,4-Z7]furan via a pathway involving diradical and/or carbene 
intermediates. 
SIMe3 
Me3Si ,i.nBuU，THF C'CH.CN CN 
/ / \ 2. N-formylmo-' N a O H , ~ “ / / \ J 
rpholine \ Q ^ C H O PhCHzNEtgCI 
R = SIMeg R = siMea 
or R = H or R = H 
102 
L J 103 
Scheme 60 
n.3.5. 3,4-Diethylfuran 
Recently, Vogel has discovered the production of octaethyltetraoxaporphyrin 
dication 104 by the acid-catalyzed cyclic condensation of 2-hydroxymethyl-3,4-
diethylfuran, which was prepared from 3,4-diethylfuran. Subsequent oxidation of the 
tetrafuran generated the dication 104 as the perchlorate (Scheme 61)^1 
- 4 3 -
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Chapter III. Results and Discussion 
nil. Aim of the Present Work 
In this thesis, the synthesis of 3,4-bis(trimethylsilyl)furan (105), in which both the 
C-3 and C-4 trimethylsilyl could be modified for later synthetic application, wi l l be firstly 
described. Clearly the trimethylsilyl groups should be easily replaced by other groups, 
preferably stepwise, and possess strong directing effect so that / p ^ o - s u b s t i t u t i o n ^ ^ a may 
occur (Scheme 62). Furan 105 wi l l then be converted to several 3,4-disubstituted furans, 
utilizing palladium-catalyzed Suzuki-type coupling reaction of the boroxines resulting 
from the displacement of the trimethylsilyl group with boron trichloride (vide infra). 
MeaSI SiMea R1 SiMea Ri R2 
H - ^ H - ^ f i 
^O^ N ) ^ 
105 
Scheme 62 
III.2. ipso-Effect of Silyl Groups 
Silyl groups are well known for their a-donating c h a r a c t e r , 8 2 a and as a result, a 
carbon-silicon bond is readily cleaved by a variety of electrophilic reagents. In this 
connection, the most attractive feature of arylsilanes is the //?5o-desilylation (Scheme 
63)82b when they react with electrophilic reagents. This kind of substitution was 
extensively studied by Eaborn, who drew the conclusion that such cleavages occur by the 
same mechanism as that of electrophilic aromatic s u b s t i t u t i o n . 8 2 b The difference between 
the reactions of //W(9-desilylation and deprotonation are that in the second step a carbon-
- 4 5 -
silicon bond is broken in the sense of C-Si+，rather than a carbon-hydrogen in the 
direction ofC"H+. 
SiMes E 
0 i^Afl E+ > CL .[Measn 
Scheme 63 
In phenyltrimethylsilane as shown in Scheme 63, an electrophilic attack occurs at 
the ipso position because of the stabilization offered to an adjacent carbocation by the 
carbon-silicon bond. This kind of stabilization is often described as p - e f f e c t . 8 2 b Although 
the ability of silicon to stabilize a (3 positive charge is ultimately related to its high 
polarizability and low electronegativity, the p-effect has been discussed in terms of two 
possible mechanisms. These two mechanisms involved either a hyperconjuation effect or 
a pentavalent silicon nonclassical ca t ion:82c 
1 . Hyperconjugation is also called vertical stabilization,which involves donation 
of C-Si a electrons to the empty carbon p orbitals without significant movement 
of atomic positions, i.e. the (p-a)；^ overlap, as depicted in Figure 1.82b 
The p - e f f e c t : stabilization of a carbocation by an I 




- 4 6 -
2. Nonvertical stabilization is analogous to neighboring group participation of 
lone pair-bearing atoms (internal 8^2) and involves a closure of a three-
membered ring to form a siliconium ion (pentavalent silicon c a t i o n ) . 8 2 c 
Nonclassical 
pentavalent silicon cation 
S I R 3 
A 
Calculations suggest that the bridging to form a nonclassical silicon cation is 
favored for primary cations, and that hyperconjligation is favored for secondary 
cations.82c 
In light of this fact, the use of silyl substituents as directing groups has become a 
powerful tool in organic synthesis, especially as / p - d i r e c t o r s in substitution 
reactions. 82a 
III.3. Synthesis of 3,4-Bis(trimethylsilyl)furan (105) and Its Modification 
In earlier work, Ho had studied the Diels-Alder/retro Diels-Alder reaction of 4-
phenyloxazole w i th bis(tr imethylsi ly l)acetylene, which afforded 3,4-
bis(trimethylsilyl)furan (105) in 62% y i e l d . ^ ^ a Further work, however, showed that this 
reaction also yielded furan products containing substantial amounts of the 3,4-
bis(trimethylsilyl)furan, as well as a minor amount of the 2， 4 - i s o m e r . 8 3 b This formation 
of the unexpected isomer during this reaction was shown to result from an acid-catalyzed 
.rearrangement of the initially formed 3,4-bis(trimethylsilyl)furan. The acid impurities 
most likely involved HBr, H C O 2 H (from the preparation of 4-phenyloxazole) and 
PhC02H (from the hydrolysis of benzonitrile)^^. Therefore, it was necessary to add a 
small amount of a proton scavenger, e.g. triethylamine (weak base) to the reaction 
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mixture in order to suppress the acid-catalyzed rearrangement of the resulting 105 to 2,4-
bis(trimethylsilyl)furan.83b,84 
Thus, the reaction of equimolar quantities of 4-phenyloxazole and 
bis (trimethylsilyl) acetylene in the presence of 5 mol% triethylamine at 300 °C in a 
sealed-tube afforded 3,4-bis(trimethylsilyl)furan (105) as the sole product in 80% overal 
yield (Scheme 64). The ^H NMR spectrum of 105 was very simple, showing absorptions 
at 5 0.25 (18H) and 7.37 (2H) which were assigned as the chemical shifts of the methyl 
protons of the trimethylsilyl groups and the furan a-protons, respectively. Similarly, the 
13c NMR spectrum of this compound showed the a-carbon at 149.6 and the (i-carbon at 
121.90. The methyl carbons of the trimethylsilyl groups were found at 5 0.42. 
4-Ethoxycarbonyl-3-(trimethylsilyl)furan (106) was also obtained in 80% yield 
from the reaction of 4-phenyloxazole and ethyl 3-(trimethylsilyl)propynoate. The 
structure of 106 was supported by its ^H NMR spectrum (see Experimental Section). 
R ^ ^ S i M e a r R SiMea] r SiMes 
； Bt3N,300X 域 ^ ^ W 
《 》 Sealed tube 80% 
N Ph L Ph J 
105 R = SiMes 80% 
106 R = C02Et 80% 
Scheme 64 
III.4. Acid-catalyzed Rearrangement of 3,4-Bis(trimethylsilyl)furan (105) 
As can be seen, addition of triethylamine to the reaction mixture prevented the 
isomerization and 3,4-bis(trimethylsilyl)furan (105)，which became the sole product 
(Scheme 64). In the absence of triethylamine, a small amount of the 2,4-isomer was 
obtained. A more detailed study on this unfavorable reaction was therefore necessary, so 
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that a better understanding of this previously unknown isomerization reaction could be 
gained. 
It was of interest to examine the effect of a catalytic amount of trifluoroacetic acid 
or acetic acid under the general reaction condition as shown in Scheme 64. However, the 
reaction gave only polymeric materials, plus a small amount of the 2,4-isomer. 
Trifluoroacetic anhydride instead of trifluoroacetic acid was used to promote the 
rearrangement of 3,4-bis(trimethylsilyl)furan (105). The reaction was carried out using a 
0.5 M carbon tetrachloride solution of furan 105 containing 8 mol% of trifluoroacetic 
anhydride. The mixture was heated in a sealed tube at 150 °C for measured periods of 
time and then analyzed by 60 MHz ^H NMR spectrometry, which was used to determine 
relative amounts of the 2,4-isomer 107，compared to those of the starting material 105. 
After 24 hours, the 2,4-isomer 107 was obtained as the sole product in 85% yield 
(Scheme 65).85’86 
Generally, the chemical shifts of the a-protons on a furan ring are invariably 
found at a lower field than 5 7.00，while the chemical shift of the P-protons of a furan 
ring are between 5 6.00-7.00.87 In agreement with this trend, the H^ NMR spectrum of 
107 showed signals at 6 6.60 (s, IH) and 7.54 (s, IH). The l ^ c NMR spectrum of 107 
showed both a- and P-carbons at 5 151.19 and 160.43, as well as at 5 123.22 and 118.17, 
respectively. 
MesSi SiMea MegSi 
y v (CF3CO)20, CC14 I V ^ 
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In a separate experiment, the reaction of equimolar quantities of 
bis(trimethylsilyl)acetylene and 4-phenyloxazole in 13 mol% H C O 2 H at 290 °C in a 
sealed tube afforded 2,4-bis(trimethylsilyl)furan (107 ) in 33% yield (Scheme 66).85，86 
M e a S i — = - S i M e 3 MesSi 
； HCOaH, CCI4, - PhCN 
�� S e a l e d t u b e , 2 9 0 "C, 2 4 h 、。入 S i M e � 
N < p h 33。/。 107 
Scheme 66 
It is noteworthy that 2,4-bis(trimethylsilyl)furan (107) has been previously 
prepared in a small quantity by a photorearrangement of 2 , 5 - b i s ( t r i m e t h y l s i l y l ) f u r a n .83b 
The rearrangement of a trimethylsilyl group occurred because of the sterically 
unfavorable orientation of the two trimethylsilyl groups at the C-3 and C-4 positions (vide 
(CF3C0)20 + H2O (trace) 
^^ ^^ ^ MegSI SiMes 
V ^ S I M e a - y ^ S 
MegSi、 H ‘ MeaSIV H 
^ y ^ S l M e s 議 e3 
f ) 
M e s s S H MegSI H ^ 
H s i M e s 4 冷 叫 
83 Scheme 54 
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infra). The mechanism of the acid-catalyzed rearrangement of 3,4-bis(trimethylsilyl)furan 
(105) to its 2,4-isomer was likely an intramolecular process, in which the silyl group was 
not detached completely from the furan ring during the isomerization, as shown in 
Scheme 67.82b,82c.84 
As shown in Scheme 67，the mechanistic process involved protonation, migration, 
and deprotonation. The rearrangement began with the electrophilic attack of a proton on 
the //?5o-position of 105 to form a C-2 cation, which was delocalized to the silicon as well 
as to C-3. In this way, it is likely that a pentavalent silicon cation was also involved. A 
2,3-migration of the trimethylsilyl group eventually generated 2,4-bis(trimethylsilyl)furan 
(107 ) . 82b ,82c 
IIL5. Diels-Alder Reactions of 3,4-Bis(trimethylsilyI)furan (105) 
(Reactions carried out by M. S. Ho) 
Our second concern was on the cycloaddition chemistry of furans. Although less 
obvious, there are ample examples to justify that the Diels-Alder adducts formed between 
furans and alkenyl dienophiles would incur a pronounced tendency to undergo 
cycloreversion r e a c t i o n s . 8 8 This phenomenon is likely due to the particularly low 
activation energies of both forward and reversible reactions i n v o l v e d . 89 in addition, 
furans with electron-withdrawing substituents at the p-positions were rather inactive as 
dienes and in many cases, highly reactive dienophiles were required.89 it is clear that 3,4-
bis(trimethylsilyl)furan (105) contains a-donating trimethylsilyl groups at the p-
positions. As such, 105 would function as a better diene, as compared to other furans with 
a-accepting substituents, thereby allowing a smooth Diels-Alder cycloaddition. After 
cycloaddition, the silyl groups might then be replaced in an ipso manner by other 
electrophiles. Thus, 105 was allowed to react with maleic anhydride at room temperature 
to provide the expected adduct 4,5-bis(trimethylsilyl)-3,6-endoxo-l,2,3,6-
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tetrahydrophthalic anhydride 108 in only 40% yield (Scheme 68)90 The ^H NMR 
spectrum of 108 showed only three singlets at 5 0.25 (18H), 2.92 (2H) and 5.51 (2H), 
indicating an exo structure of 108. Compound 108 was also found to be rather unstable in 
chloroform, giving back the starting materials through a retro-Diels-Alder reaction. 
Surprisingly, similar cycloadditions of 105 with dimethyl acetylenedicarboxylate and 5,6-
didehydrodibenzo[fl,e]cyclooctene (110)91 furnished dimethyl furan-3,4-dicarboxylate 
(109) and 3,4,7,8-dibenzocycloocta[l,2-c]furan (111), respectively. The i R NMR 
spectrum of 111 showed two singlets at 5 6.71 (2H), 7.40 (2H), and a multiplet at 5 7.16-
7.30 (8H). It is believed that the generation of a double bond between the two carbons 
bearing the trimethylsilyl groups in the Diels-Alder adducts is sterically unfavorable, 
thereby resulting in a retro-Diels-Alder reaction to afford 109 and 111. Such steric 
argument was also pointed out in 1972 by Seyferth for 1,2-bis(trimethylsilyl)benzene,^^ 
whose acid-catalyzed rearrangement was complete in 25 hours at 152°C, affording a 
mixture of 1,3-bis(trimethylsilyl)benzene and 1,4-bis(trimethylsilyl)benzene in the ratio 
of 92:8. Sakurai's steric rationale in 1980 for a twist of the carbon-carbon double bond in 
tetrakis(trimethylsilyl)ethene to a torsion angle of 29.5°85 and its thermal conversion at 
150° to a radical species via presumably a biradical state should convincingly validate our 
issue.86a Further evidence for this disposition was also established by the facile (Z)-(£) 
isomerization of Z-l’2-bis(phenyldimethylsilyl)-l，2-bis(trimethylsilyl)ethene’86a as well 
as Z-l，2-bis(Pbutyldimethylsilyl)-l，2-bis(mmethylsilyl)ethene.86b Moreover, Sakurai 
also found in 1990 that the benzene ring of hexakis(trimethylsilyl)benzene in the solid 
state was distorted to a chair form with C-C-C-C torsion angles averaging In our 
own endeavor, 105 also rearranged efficiently to 2,4-bis(trimethylsilyl)furan in good 
yield (vide infra)’ upon treatment with a catalytic amount of acid. It is clear from these 
reports that there has been sufficient concrete structural data84，85,86 to support our 
stereochemical ground. Therefore, it is quite likely that the cycloreversion driving force 
was due to an inclination of the two bulky trimethylsilyl groups to alleviate the 
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unfavorable steric factor, and the restoration of aromaticity in the furan generation. Thus, 
in order to revive a strain-free state, an extrusion of bis(trimethylsilyl)acetylene from 
their corresponding intermediate adducts presumably occurred as shown in Scheme 68. 
Noteworthy is that such process is similar to a precedented reaction in which 
dicyanoacetylene was expelled from the corresponding e n d o x i d e .92 
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III.6. Acylation Reaction of 3,4-Bis(trimethyIsilyl)furan (105) 
The selective replacement of one t r imethy ls i ly l group in 
bis(trimethylsilyl)butadiyne and IE,3E-1,4-bis(trimethylsilyl)buta-1,3-diene by an acyl 
group under Friedel-Crafts conditions ( A I C I 3 ) were r e po r t e d .93 With the aim to test the 
versatility of 3,4-bis(trimethylsilyl)furan as a building block for the synthesis of 3,4-
disubstituted furan, it was further expected that the well-established ability of silicon to 
stabilize a p-carbocation ( p - e f f e c t ) 8 2 would lead to the selective replacement of the 
trimethylsilyl group substitution) of 3,4-bis(trimethylsilyl)furan by acyl group 
under a Friedel-Crafts condition. 
Furan 105 was subjected to several acylation reactions. Initially, it was found that 
titanium(IV) chloride promoted Friedel-Crafts reaction between dichloromethyl methyl 
ether and 105, affording the a-formylated 112，after h y d r o l y s i s . 94 in the cases of 
Vilsmeier reaction^^ and Friedel-Crafts a c y l a t i o n , i t appeared that a-formylation took 
place to form 112 and 114，which was followed by a 3-protodesilylation step, yielding 
113 and 115. In the acylation reaction (Scheme 69) of 105 with benzoyl chloride in the 
presence of aluminum chloride at room temperature, a-acylation plus 3- and 4-
protodesilylation were observed, affording a mixture of 116 and 117.97 in view that the 
Lewis acid strength is about the same for titanium(IV) chloride and aluminum chloride, it 
thus appeared that the undesired protodesilylation was favored at higher temperature. The 
only successful /p^yosubstitution pattern was observed in the acylation reaction in which 
105 was allowed to react with p ,p-dimethylacryloyl chloride in the presence of 
titanium(IV) chloride at -78 °C, from which 118 and the a-substituted protodesilylation 
product 119 were obtained (Scheme 69).98’99 The assignment of the substituted patterns 
of compounds 118 and 119 was made possible by a comparison of carbon types and 
chemical shifts of the a- and p-carbons in their l ^ c NMR spectra.87ln the 13c NMR 
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spectrum of 118，two tertiary carbon signals at 5 149.37 and 147.69 indicated the 
absorptions of C-2 and C-5, respectively. Similarly, the absorptions of C-2 and C-4 of 
119 were shown by the two tertiary carbon signals at 5 149.90 and 120.22, respectively in 
its 13c; NMR spectrum. 
For most electrophilic substitutions of silyl-substituted arenes with electrophiles, 
it was found that the rate of silyl-directed zp^o-substitutions were generally faster than 
MeaSI S I M e a i . c i^CHOMe MegSi S iMeg 
\ _ / Ticu, CH2CI2 V - / 
^ O 2. HzO/MeOH ^ O CHO 
1 05 65。/。 112 
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Ihr 114 (73%) 1 1 5 ( 1 8 % ) 
Phcoc, j S i M e 3 MesSI 
^ r \ + Y\ 
CH2CI2，r.t. 入 C O P h ^ o ^ C O P h 
3 hr ^ ^ 
116 (14%) 117 (42%) 
O 
MesSI V MeaSi ^ ^ 
(CH3)2C=CHC0CI \ _ / \ \ \ _ . 飞 
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Scheme 69 
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those of ortho-，met a- and /7flrfl-substitutions.82，98’99，100 Nevertheless, in our special 
case, we were dealing with 3,4-bis(trimethylsilyl)furan (105). There was therefore always 
a competition for the electrophile between the p-carbon that bears a trimethylsilyl group 
and the furan a - c a r b o n . l O l Obviously, the p-effect, hence the resulting ip^o-directing 
characteristic and the usual reactivity of furan were responsible for such 
p r e d i c a m e n t . 9 8 - 1 0 0 To make the situation more complicated, the a-donating tendency 
of one of the trimethylsilyl groups^^^ was likely also to play an essential role in 
stabilizing the p-carbocationic intermediate that was formed en route to an a-substituted 
products.83，lOl As can be corroborated by the transformations illustrated in Scheme 69， 
we can perhaps reach an agreement that the furan a-carbons were always more reactive 
than the silyl-substituted p-carbons. As such, the prospect of yielding i/?5o-substitution 
products by using this acylation route was therefore rather doubtful. 
IIL7. lodination of 3,4-Bis(trimethylsilyl)furan (105) 
The use of the trimethylsilyl group to assist in the iodination of aromatic species 
has been well-documanted. A method of iodinating aryltrimethylsilanes using iodine and 
a silver salt to activate the electrophile (I2) was reported by Jacob (Scheme 70). 102 This 
mild condition was also used to convent a dipeptide to its corresponding iodinated 
product. 102 
/ = \ AgOjCCFa, I2 
M e s S i - ^ ^ R T H F , 霍 1 
Scheme 70 
Such practice was also applied to furan 105. Thus, 4-iodo-3-(trimethylsilyl)furan 
(120) was obtained in a good yield, through the regiospecific iodination of 105 using 
- 56 -
iodine (or iodine monochloride) and silver trifluoroacetate in THF at -78 °C (Scheme 
71) 82a,102 
MeaSi SiMes 丨 SIMea 
V - / AgOzCCFa, I2 or ICI, V - / 
I I 》 THF, -78�C l i � 
、〇 O 
105 120 (72-80%) 
Scheme 71 
Our attempts to directly replace the second trimethylsilyl group of 4-iodo-3-
(trimethylsilyl)furan (120) with bromo, or iodo group via similar methods have so far 
been unsuccessful. 
III.8. Synthesis of 4-Substituted-3-(trimethyIsilyI)furan from Palladium- and Nickel-
Catalyzed Cross-Coupling Reaction of 4-Iocio-3-(trimethylsilyl)furan (120) 
III.8.1. Introduction 
Transition metal complex promoted catalysis for the synthesis of organic 
molecules from simple building block has attracted the attention of many synthetic 
organic chemists for a long time. Palladium and nickel especially predestinate to be the 
reagent of choice for such selective reactions. Seven fundamental reactions might be 
considered in order to rationalize the unique role of palladium (or nickel) compared to 
other transition m e t a l s . 103 These reaction might be divided into three categories: 
I. Formation of C-Pd bonds: [oxidative addition (Pd。)； or nucleophilic attack 
to coordinated PdH complexes]. 
I I . Modification of C-Pd bonds: [insertion of an unsaturated ligand; or 
metathetical replacement] 
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I I I . Cleavage of C-Pd bonds: [reductive elimination; p-hydride elimination; 
and reductive solvolysis]. 
Palladium has a veriety of oxidation states (0，II’ IV) ,^^ thus is able to release or 
to accept electrons during different bond-forming and bond-breaking steps. In addition, 
palladium is also able to bind various kinds of ligands, ranging from soft TT-acceptors 
(olefins, terminal alkynes, CO) to hard o-donors (CI, OH, OAc). Its catalytic activity is 
enhanced by the ease of coordinating several/or different ligands, thus enabling reactions 
between these ligands. Although the most common coordination number of palladium is 
four (square planar) the lower coordination number three and the higher ones, five and 
six, are easily and reversably attained. This is important for the activation of stable 
complexes in solution [such as tetrakis(triphenylphosphine) palladium] or for the renewal 
of consumed ligands (reaction product). On the other hand, the oxidative cleavage of Pd-
C bonds, which is the product formation step in many palladium-catalyzed oxidation 
reactions, is supposed to proceed via an addition-elimination process. l以 
Palladium-catalyzed cross-coupling reactions of arylhalides with olefins (Heck 
reaction), with terminal alkynes (Stille type reaction), with areneboronic acids (Suzuki 
reaction), Grignard and Organozinc reagents are becoming increasingly important in 
organic synthesis, These coupling reactions involve generally a complex mechanism, 
from which strictly regio- and stereo-control carbon-carbon bond formation can be 
realized (vide infra). 
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III.8.2. Heck-type reaction of 4-iodo-3-(trimethylsilyl)furan (120). 
III.8.2.1. General feature of Heck reaction 
Palladium-mediated reaction of an aryl or heteroaryl metallo derivative with an 
olefin in the presence of trialkylamine to form a conjugated diene is a version of the 
generic organometallic reaction type known as “ Heck r e a c t i o n " , ^^ ^a-c 
The basic chemistry involved in the Heck reaction, i.e. coupling of an 
organopalladium species (R-Pd, R = aryl, vinyl, heterocycle, benzyl, methyl) with an 
olefin is generally well understood and is shown b e l o w , ^^^a 
R-Pd-X + CH2=CH-R > RCH=CH-R + HX + Pd(0) 
It is convenient to discuss the overall mechanism in terms of five discrete 
organometallic reaction s t e p s : 103a’105 
1 . Generation of a true palladium-catalyst. 
The mixture of palladium diacetate and triphenylphosphine [nPPh3 (n幼]，which 
is commonly used as a catalyst in Heck reaction, generates in situ a zerovalent palladium 
c o m p l e x . 106 Triphenylphosphine can reduce divalent palladium diacetate to zerovalent 
palladium, and itself is oxidized to triphenylphosphine oxide. The reduction is certainly 
an intramolecular reaction for the complex Pd(OAc)2(PPh3)2.l06 
Pd(0Ac)2 + PPhg Pd(OAc)2(PPh3)2 
P h 3 P \ zOAc 
Pd" ) ^ Pd。(PPh3) + "OAc + AcO-+PPh3 
Pd°(PPh3) + 2PPh3 ——-Pd°(PPh3)3 Pd°(PPh3)2 
AcO-^PPhg + -QAc AC2O + OuPPha 
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Heck himself suggested that the catalyst was reduced by the olefinic compound to 
a palladium(O) phosphine c o m p l e x . 105,106 
Pd(0Ac)2 + 2PPh3+ HgCrCH-X ——(Ph3P)2Pd + HOAc + AcOCH=CH-X 
2. Organopalladium reagent formation (oxidative a d d i t i o n ) . I03e,107 
Oxidative addition by insertion of palladium (0) into aryl-substituent a-bond, is 
the other primary reaction by which the reactive organopalladium (II) reagent is formed. 
ArX + ——• ArPd"L2X 
3 . 71-Complex formation between the organopalladium (II) complex and the 
o i e f i n . l 0 3 e , 1 0 7 
RIhc—HR2 
ArPcl'loX + R1HC=CHR2 ——-L、 ^X 
A f Z 、L 
4. Collapse of the 兀-complex by insertion of the olefin into the R-Pd bond to form a c-
adduct. The process of the steps 3 and 4 are called a transmetallation step.i03e’l07 
R1HC〒chr2 
L 、 . X L 、 n 声 C H R 2 , R5c=CHR1 
> P d 、丨 , 〉 P d 、丨 or ^ P d ^ 
5. Decomposition of the a-adduct with product formation and regeneration of the 
palladium catalyst (reductive e l i m i n a t i o n ) . 108 
, 〉 P d 、丨 or 
A r ^ 、L A f Z 、L 
~ ^ ArRiC=CHR2or ArR2c=CHRi + Pd^Lg 
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In reactions with nucleophiles, the latter steps are supposed to consist of a 
nucleophilic attack, and a reductive e l i m i n a t i o n . I03a-c 
ArPd'lgX + Nu • ArNu + Pd^Lg + X" 
III.8.2.2. Palladium-catalyzed cross-coupling of 4-iodo-3-(trimethylsilyl)furan (120) 
with terminal alkenes. 
It is noteworthy that, under Heck conditions, the terminal alkenes gave rise to two 
types of products 1 2 1 and 1 2 2 (Scheme 72). 
MeaSi | MegSI MegSi ^ R 
+H2C=CH-RPd(QAWPh3, V Y + V i 
2 Et3N, reflux K ^ ? V ^ X 
120 121 122 
Scheme 72 
Interestingly, it is apparent that alkenes with a-acceptor groups, such as 
acrylonitrile, methyl vinyl ketone, and ethyl acrylate give exclusively ma/w-disubstituted 
alkenes 121a, 121b, 121c. On the contrary, alkenes with a-donor group, such as allyl 
alcohol, styrene, and 4-methylstyrene yielded terminal alkenes 122a, 122b, 122c (Table 
1). The structure of the trans-substituted double bond was indicated by the coupling 
constant ( / = 12-16 Hz) between two trans protons in the ^H NMR spectrum of 121. On 
the other hand, the structure of the terminal double bond was confirmed by the coupling 
constant ( / = 1-2 Hz) between the two methylene protons in the ^H NMR spectrum of . 
122 (see Experimental Section). 
T 
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Table 1. Heck-type cross-coupling reaction of 4-iodo-3-(trimethylsilyl)furan 
entry R reaction time ^21 [yield%] 122 [yield%] 
h 
1 CN 2 8 1 2 1 a ; 7 8 0 
2 CH2OH 2 0 0 1 2 2 a ; 7 0 
3 COCH3 3 2 1 2 1 b ; 6 2 0 
4 CO2CH2CH3 3 8 1 2 1 c ; 7 6 0 
5 CfiHs 4 5 0 1 2 2 b ; 6 5 
6 C6H4.P-CH3 4 8 0 1 2 2 c ; 6 1 
III.8.2.3. Mechanism of result. 
The most significant feature of the a-adduct formation from a 兀-complex {vide 
supra) is that this step determines the regiochemistry of the overall olefin substitution 
p a t t e r n . 109 An Ar-Pd-olefin 7i-complex can thus collapse to give either of the two a-
adducts 123 and 124. It is obvious that the utilization of palladium-mediated coupling 
reactions of olefins in organic synthetic applications is dependent on the possibility of 
attaining high regioselectivity (Scheme 73). 
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MegSi V - X R I 
EtaNHI" + Y ( + f i 
\ - |(PPh3)2Pd| / 
PPha + EtgN X X 
f \ I f o \ 
M e a S i - - ' ' ' ^ ^ PPh3 M e a S i - ^ ^ V ^ PPhg SiMeg 
\ I 1 PPha 
H 〜 P d 、 | or H ^ P d 、 ） 
X X o ^ ^Ph3 






It was noted that, a a-donating group on styrene favored the formation of terminal 
double bond while a a-accepting group resulted in an exclusive trans-doub\& bond 
formation. 103,109 
IIL8.2.4. Synthesis of 3-(trimethylsilyi)-5,6-bis(ethoxycarbonyl)benzo[2,3-ft]furan 
(126) from Heck-type reaction of 4-iodo-3-(trimethylsilyl)furan (120) and ethyl 
acrylate. 
It is considered that furan possesses a considerable aromatic character arising 
from the delocalization of four carbon 7C-electrons and two paired electrons donated by 
the oxygen atom. However, furan still has a character which clearly resembles a 
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conjugated diene or an enol e t h e r . HO in order to study whether or not the Heck reaction 
120 as an enol ether could indeed occur, the reaction of 4-iodo-3-(trimethylsilyl)furan 
(120) with an excess ethyl acrylate (> 3.5 equivalents) was performed under the common 
Heck conditions. As expected, the substitution reaction on the C-2 position was observed, 
which led to the formation of 2,3-bis(rra«5-ethoxycarbonylvinyl)-4-(trimethylsilyl)furan 
(125) (Scheme 74). The ^H NMR spectrum of 125 showed four doublets corresponding 
to the trans double bond protons at 5 6.20 (d，IH, J = 16.0 Hz), 6.43 (d, IH, / = 15.6 Hz), 
7.63 (d, IH, J = 15.6 Hz), 7.70 (d, IH, / = 16 Hz), and a singlet peak at 5 7.32 (s, IH) of 
the furan ring proton. ^^C NMR spectrum gave eight aromatic carbon signals (three 
quaternary carbons and five tertiary carbons). 
H + H,C=CHCO,Et P d ( 0 A c ) 2，P P h 3 〗 p C 
120 。 125 
Scheme 74 
In the i H - l H COSY spectrum, it was shown that there are four groups of related 
protons in the molecule, i.e. C H 2 / C H 3 , H7/H6, Hp/Hg, and H 7 / H 9 . The important 
relationship of H 7 and H 9 indicated the orr/zo-substitution of two trans-
ethoxycarbonylvinyl groups. This result was further confirmed by the relationship of 
H8/H9/SiMe3, Hs/SiMes in the iR - lH NOESY spectrum. Thus, the structure of cross-
coupling product was undoubtedly elucidated as 2’3-bis(fra似-ethoxycarbonylvinyl)-4-
(trimethylsilyl)furan (125). 
This result involved an aromatic substitution through an activation of the aromatic 
carbon-halogen bond, as well as an activation of the aromatic carbon-hydrogen 
b o n d . 104,110.111 
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The mechanism, or reaction sequence is shown in Scheme 75, which consists of: 
oxidative addition (carbon-iodo activation); transmetallation (formation of k, and c -
complexes); reductive elimination [formation of 4-(rrflAi5-ethoxycarbonylvinyl)-3-
(trimethylsilyl)furan (121c)]; aromatic substitution (activation of the carbon-hydrogen 
bond at the 2-position); transmetallation (insertion of ethyl acrylate, formation of TC, and 
a-complexes); and p-hydrogen elimination [formation of 2,3-bis{trans-
ethoxycarbonylvinyl)-4-(trimethylsilyl)furan (125)] (Scheme 15)}^^ 
MesS 丨 MesS 丨^  
^ ^ Heck reaction _ / T ^ ^^^^^ Substitution ^ 
、 0 "" 、 0 Pd(0Ac)2，Et3N ^ 
120 121C •^^3NH0Ac 
i f " ^ Insertion I j ^ COgEt P - H Elimination 




Thermal 67C-electrocyclic r e a c t i o n l l 2 of 2,3-bis(trans-ethoxycarbonylvinyl)-4-
(trimethylsilyl)furan (125) (containing £:,Z,£-l,3,5-triene system) in the presence of 
sulfur resulted eventually in the formation of a benzoannelated product, namely 3-
(trimethylsilyl)-5,6-bis(ethoxycarbonyl)benzo[2,3-&]furan ( 1 2 6 ) (Scheme 7 6 ) , -
presumably via additionally a dehydrogenation step.U2 
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MeaSI . CO Ft Me^Sl 
' 3, xylene 
^ O ^ ^ ^ ^ C O ^ E t r e f l u x 一 ^ Q - ^ ^ c O ^ E t 
125 126 
Scheme 76 
III.8.3. Stille-type reaction of 4-iodo-3-(trimethylsilyl)furan (120) 
III.8.3.1.GeneraI feature of palladium-catalyzed cross-coupling of aryl or vinyl 
halides with terminal alkynes (Stille-type reaction). 
C a s s a r l l 3 a and S o n o g a s h i r a ^ l ^ b reported that an acetylenic hydrogen could be 
easily substituted by aryl iodides or vinyl iodides in the presence of catalytic amounts of 
bis(triphenylphosphine)palladium dichloride, and cuprous iodide (co-catalyst) in 
diethylamine under a very mild condition. The reaction gave satisfactory results for a 
direct synthesis of disubstituted alkynes from terminal a l k y n e s . 
RX + HC三CRI RC三CRi 
EtzNH, r. t. 
Although the detailed mechanism of the reaction has yet to be clarified, it seems 
likely that the substitution occurred through an initial formation of bis(triphenylphos-
phine)dialkynylpalladium(II), which gave a catalytic species bis(triphenylphos-
phine)palladium(O) through a reductive elimination of 1,4-diphenylbutadiyne.^ ^^b 
Subsequent oxidative addition of aryl or vinyl halide to I ’ which was followed by an 
alkynylation of the adduct I，gave I I . Complex I I regenerated the original 
bis(triphenylphosphine)palladium(0) through a reductive elimination of the substitution 
products. The generation of the starting catalyst, as well as the formation of I I were co-
catalyzed by cuprous iodide. 
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CU2I2 
PdCl2(PPh3)2 + HC=C-R + EtgNH HPPh3)2Pd(C 三 CR)2 + [EtgNHjl^CI" 
(PPh3)2Pd(CECR)2 ^ (PPh3)2Pd + RC=C-C=CR 
RX + (PPh3)2Pd ^ RPd(PPh3)2X 
1 CU2I2 I . 
RPd(PPh3)2X + HC三CRI + EtgNH ——^RPd(C三CRI )(PPh3)2+ [EtgNHgl^X" 
II 
RPd(C=CRi )(PPh3)2 ^ RC=CR^ + Pd(PPh3)2 
III.8.3.2. Palladium-catalyzed substitution of terminal alkynes with 4-iodo-3-
(trimethylsilyl)furan (120): a convenient synthesis of 4-alkynyl-3-
(triniethylsilyl)furan (127) 
An alkyne substitution reaction of 4-iodo-3-(trimethylsilyl)furan (120) was found 
based on the use of above procedure as stated in III.8.3.1. Cuprous iodide was added to a 
mixture of bis(triphenylphosphine)palladium dichloride, diethylamine, 4-iodo-3-
(trimethylsilyl)furan (120) and (trimethylsilyl)acetylene. The reaction mixture was stirred 
at room temperature under nitrogen to give 3-( t r imethyls i ly l ) -4-
(trimethylsilylethynyl)furan (127a) in 87% yield (Scheme 77，Table 2, entry l).113a-c 
R 
MegSi I MegSi f / 
H + HC.C-R PdCl2(PPh3)2 W 
^ o CU2I2, EtaNH 
120 127 
Scheme 77 




(trimethylsilyl)furan (127e) and 4-[(±)-3-hydroxy-1 -butynyl]-3-(trimethylsilyl)furan 
(127f), 4-[(l-hyciroxycyclopentyl)ethynyl]-3-(trimethylsilyl)furan (127g), and 4-[3-
(benzylmethylainino)propyn-l-yl]-3-(trimethylsilyl)furan (127h) were prepared in good 
yields from cis-1 -methoxy-1 -buten-3-yne, rra/i5-methyl-2-penten-4-yn-1 -ol, cis--3-
methyl-2-penten-4-yn- l -o l , 3-butyn-l-ol, (±)-3-butyn-2-ol, 1 -ethynylcyclopentanol, and 
N-benzyl-^-methyl-propargylamine (Table 2). ^H NMR spectrum of 127e showed the a-
protons of the furan ring at 5 7.31 (d, 5-H, / = 1.3 Hz) and 7.71 (d, 2-H’ J = 1.1 Hz), 
respectively. The chemical shifts of the tertiary a-carbons of the furan ring at 5 146.08 
(C-5) and 147.25 (C-2) in the l ^ c NMR spectrum of 127e in addition substantiated our 
assignment. 
Table 2. Palladium-catalyzed cross-coupling of 4-Iodo-3-(trimethylsilyi)-
furan (120) with terminal alkynes 
entry R 、 react l「 t ime %] 
n 
1 127a SiMea 2 4 87 
2 1 2 7 b C /S-CH=CH0CH3 3 5 8 1 
3 127c trans-C{CH^)=CHCH20H 3 5 7 0 
4 127d c/s-C(CH3)=CHCH20H 4 2 6 5 
5 127e CH2CH2OH 3 8 7 8 
6 127f CH(0H)CH3 30 7 0 
7 127g 1-cyclopentene-1-OH 30 65 
8 127h CH2N(CH3)CH2C6H5 4 2 7 2 
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IIL8.3.3. Mechanism 
The mechanism for the coupling of terminal alkynes with 4-iodo-3-
(trimethylsilyl)furan (120) is outlined in Scheme 78. The mechanism was believed to 
proceed in three s t e p s . I l 3b As mentioned in Section III.8.3.1, the "catalyst" was first 
reduced by a terminal alkyne, diethylamine and cuprous iodide to a palladium(O) 
phosphine complex, which then reacted with 120 by an oxidative addition. The furan 
palladium complex formed then reacted with a terminal alkyne. The resulting adduct 
eliminated (re-forming) the palladium(O) phosphine complex, giving the conjugated 
products 127.113a-d 
R 
MegSI 产 MeaSI | 
T ^ 12。 
w _ 
[EtjNHJ+r = r - R + EtgNH 
Scheme 78 
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IIL8.4. Palladium-catalyzed cross-coupling reaction of organoboronic acid with 4-
iodo-3-(triniethylsiIyI)furan (120) (Suzuki type reaction) 
ni.8.4.1. General feature of Suzuki reaction. 
In 1981, Suzuki and his co-workers first reported that benzeneboronic acid could 
be coupled with aryl halides, catalyzed by palladium phosphine complex and in the 
presence of sodium carbonate. This cross-coupling reaction, referred to as the Suzuki 
reaction, was catalyzed by 3 mol% Pd(PPh3)4, with generally toluene as the solvent, and 
required two equivalents of an aqueous sodium carbonate solution (Scheme 79). 114 
Suzuki reaction 
B(0H)2 Br Z 
J C X Pd(PPh3)4 身 _ , ^ U 
0 + ^ ^ ^ ^ ^ o m d 
reflux 
Scheme 79 
Since the first report of this coupling reaction, a number of functionalized biaryls 
and heterobiaryl have been regiospecifically p r e p a r e d . n 5 
A wide variety of areneboronic acids, such as benzene-, thiophene-, furan-, 
selenophene-, pyrimidine-, pyridine- and indole-boronic acids, have been 
regiospecifically coupled to various halides, such as phenyl, trienyl, pyridyl, pyrimidyl, 
furanyl, thiazolyl, quinolyl and pynazolyl halides. 114,115 The most frequently employed 
halides in boronic acid coupling reactions are aryl bromides, but the reactivity of halides 
shows the order of ArI>ArBr>ArCl. Except for a few electron-deficient heteroaryl 
chlorides, aryl chlorides are usually not reactive enough to participate in the Suzuki cross-
coupling.ll4，ll5 
1 
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The most often used catalyst is Pd(PPh3)4，however, other palladium catalysts 
have been employed with success, such as Pd(dppb )C l2 , Pd(0Ac ) 2， P d C l 2 , 
Pd(dppf)(0Ac)2 and water-soluble Pd(0) complex Pd[PPh2(m-PhS03M)] M=Na, K.^^a 
This reaction does require a base, and the best results were achieved with the use 
of a relatively weak base, such as Na2C03.1141 
The catalytic cycle serves as a general pathway for the direct coupling reaction. 
The oxidative addition was followed by the metathetical displacement of the halide ion 
from R-Pd-X by a base species to give an organopalladium alkoxide (R-Pd-OR) or 
organopalladium hydroxide (R-Pd-OH), depending on the base used. These 
organopalladium alkoxides and organopalladium hydroxide were believed to be more 
reactive than the organopalladium halide, because of the Pd-0 bond was more polar than 
the Pd-Br bond, owing to the greater electronegativity of oxygen relative to bromine. The 
palladium was therefore the positive end and the oxygen was the negative end of the 
dipole. As such, the boron atom of the areneboronic acid would be attracted to the oxygen 
atom of the alkoxide or hydroxide and then underwent a transmetallation to provide the 
diorganopalladium complex (R-Pd-R'), which could undergo a reductive elimination, 
leading to a carbon-carbon bond formation (R-R’）and regenerating the 
c a t a l y s t . l l a ’ 1 1 5 b ’ l 151 
The mechanism of the oxidative addition and reductive elimination sequences 
have been intensively studied, and reasonably well understood. However, much less is 
known about the transmetallation r e a c t i o n . 5a 
Two equivalents of base were required in this catalytic cycle. One equivalent was 
utilized in the formation of the boronate, and the second equivalent of base was 
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consumed in the metathetical displacement of the organopalladium hydroxide 
formation. 115a,1151 
ni.8.4.2. Suzuki-type reaction of 4-iodo-3-(trimethyIsilyI)furan (120) 
When 4-iodo-3-(trimethylsilyl)furan (120) was subjected to the Suzuki cross-
coupling conditions, in which benzeneboronic acid was used (Scheme 80), 4-phenyl-3-
(trimethylsilyl)furan (128a) was obtained in a moderate yield. Similarly, p-
tolueneboronic acid and 2,5-dimethoxybenzeneboronic acid gave biaryl products, namely 
4-(p-tolyl)-3-(tr imethylsi ly l) furan (128b) and 4- (2 ,5-d imethoxypheny l ) -3 -
(trimethylsilyl)furan (128c), respectively in good yields (Scheme 80). 
MegSi I ArB(0H)2 MegS 丨 Ar 
V - / Pd(PPh3)4, NazCOa ^ V—/ 
( [ 》 MeOH-PhMe, r e f l u x ! [ \ 
120 
128a Ar = CgHg 95% 
128b Ar = CeJVp-Me 93% 
128c Ar = C6H3-2,5-(OMe)2 93。/。 
Scheme 80 
The mechanism of the Suzuki cross-coupling reaction between areneboronic acid 
and 120 catalyzed by palladium complex in the presence of a base is outlined in Scheme 
81 (route A).ll5a’1151 This coupling reaction should involve an oxidative addition of 1 2 0 
to the Pd(0) complex, and was followed by the metathetical displacement of the iodo ion 
from RPdL2l to go an hydroxypalladium(II) complex in the presence of a base. Such a 
Pd(II) complex then reacted with an areneboronic acid to provide the diorganopalladium 
complex. Finally, reductive elimination of the intermediate diorganopalladium complex 
yielded the corresponding cross-coupling product 4-aryl-3-(trimethylsilyl)furan 128 and 
concomitantly regenerated the catalyst. 
t 
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However, it is also likely that the formation of the Pd-OR species does not take 
place, because such process would involve the ligand exchange reaction from Pd-X 
(particularly X = I) to Pd-OR (soft-hard bond formation). It is conceivable that an 
alkoxide or hydroxide (hard base) may rather coordinate to the boron atom (hard acid) to 
form the tetracoordinate borate complexes such as Na+{ArB[0R](0H)2}- or 
Na+[ArB(OH)3]-，so that the polarity of the B-Ar bond is enhanced. As a result, a smooth 
aryl group (soft nucleophile) transfer onto palladium atom (soft electrophile) might occur 
to generate the diorganopalladium complex as shown in Scheme 81 (route B) 
-PPhg - PPhg 
Pd(PPh3)4 _ > Pd(PPh3)3 _ > Pd(PPh3)2 
+ PPhg + PPhg 
MesS 丨 Ar MegSl I 
O l(PPh3)2Pd| 广 W 
o y ^ x / Y 
128 V \ 120 
I C Na+[旧(OH),(OR)]-) ( NanArB(OH)p(OR)]-) \ 
SiMea / V $iMe3 
1 PPhg / \ PPhg 
U PPh3 � P P h 3 
ArB(0H)2 + Na+OR • ！ 
U J PPhg 
Scheme 78 
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III.8.5. Palladium- or nickel-catalyzed cross-coupling reaction of 4-io(lo-3-
(trimethylsilyl)furan (120) with bis(p-methoxycarbonyl)zinc and Grignard reagents. 
IIL8.5.1 Palladium-catalyzed coupling of 4-iodo-3-(trimethylsilyl)furan (120) with 
bis(p-methoxycarbonyl)zinc 
Organozinc reagents have been extensively used in organic synthesis. The cross-
coupling reactions of organozinc reagents with a variety of organic electrophiles using 
transition metal such as palladium and nickel catalysts are well established to provide 
novel methods for regioselective carbon-carbon bond f o r m a t i o n . ^ ^ ^ in this way, the 
reaction of bis[(p-methoxycarbonyl)benzyl]zinc with 4-iodo-3-(trimethylsilyl)furan (120) 
using a Pd ( P P h 3 ) 4 catalyst proceeded smoothly, giving 4-(p-methoxycarbonylbenzyl)-3-
(trimethylsilyl)furan (129) in 32% yield (Scheme 82). Organozinc reagent was prepared 
in situ from p-methoxycarbonylbenzyl bromide and zinc-copper couple in THF-
DMA(A^,iV-dimethyl acetamide) at 80 °C under a nitrogen a t m o s p h e r e . Il6b，l 16c The iR 
NMR spectrum of 1 2 9 showed doublet peaks at 7.14 (J = 1.1 Hz) and 7.30 ( / = 1.4 Hz), 
arising from the H-5 and H-2 of the furan ring. Two tertiary carbons at 5 148.76 (C-2), 
141.32 (C-5) and two quaternary carbons at 5 119.08 (C-3) and 126.89 (C-5) were 
observed in the 13c NMR spectrum of 129. 
MegSI I MegSi CH2C6H4-p-C02Me 
V l X Zn(CH2C6H4-p-C02Me)2 弟 V " / 




IIL8.5.2 Nickel-catalyzed coupling of 4-iodo-3-(trimethylsilyl)furan (120) with 
Grignard reagents 
r 
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It has been established that nickel-phosphine complexes were extremely effective 
catalysts for the cross-coupling between Grignard reagents and C(sp2)-halides. In almost 
all cases, 0.5 mol% [NiCl2(dppp)] was used as catalyst. The reactions were carried out in 
the usual manner, i.e. a Grignard solution was added to a mixture of an organic halide, 
catalyst and solvent. Stirring at room temperature under reflux for a given period of time 
followed by hydrolysis gave a coupling product. 
The characteristic feature of the procedure are summarized as follows: The 
coupling reaction required only a catalytic amount of nickel-phosphine complex; it 
proceeded under mild conditions, and usually gave the coupling product in high yield; 
The organic group was introduced onto the carbon atom to which the halogen has been 
attached. 117b 
4-Iodo-3-(trimethylsilyl)furan (120) coupled with «-butylmagnesium chloride and 
p-nitrobenzylmagnesium bromide to give cross-coupling products 4-rt-butyl-3-
(trimethylsilyl)furan (130a) and 4-(p-nitrobenzyl)-3-(trimethylsilyl)furan (130b) in good 
yields, respectively (Scheme 83). The structure of 1 3 0 a and 1 3 0 b were confirmed by 
NMR spectrometry (see Experimental Section). 
MegSI I MegSi R 
V - / RMgBr, NICl2(PPh3)2 ^ \ _ / 
《 》 THF, 80。C，3h ^ 《 \ 
O ^ o 
120 
130a R = "BU 82% 
130b R = CH2C6H4-P-NO2 68% 
Scheme 83 
The general mechanism of the nickel-catalyzed cross-coupling is shown in 
Scheme 84. As can be seen, the dihalodiphosphone nickel reacted with a Grignard 
r 
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reagent to form an intermediate diorganonickel complex which after releasing an organo-
dimer, was converted to an activated Ni(0) complex. An oxidative addition of 120 on 
Ni(0) followed by transmetallation with RMgX furnished the diorganonickel complex. 
The reductive elimination of the coupling product 130 resulted in the regeneration of the 
activated Ni(0) to complete the c y c l e . U7b 
mCl2(PPh3)2 + 2ArMgX -(PPh3)2NIAr2 + 2MgX2 
(PPh3)2NiAr2 (PPhshNi + Ar-Ar 
MeaSI R MesSi I 
130 y 120 
/ A 
SiMes SiMes 
I PPh3 I PPhg 
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III.9. Regiospecific Conversion of 3,4-Bis(trimethylsilyl)furan (105) to 3,4-
Disubstituted Furans (147): A novel Suzuki-Type Cross-Coupling of Boroxines. 
IIL9.1. General survey of boroxines 
ni.9.1.1. Introduction 
During the last three decades, increasing scientific and industrial attention has 
been focused on organoboron compounds, this has resulted in a great number of 
publications on the chemistry of b o r o n . 118 Undoubtedly, the pioneer work of Brown and 
his co-workers, documented in a vast number of publications, contributed in an essential 
way to the success of these versatile r e a g e n t s . 119 in recent years, organoboron 
compounds have been applied more and more in chemo-, regio- and stereoselective 
synthesis involving carbon-carbon bond f o rma t i o n ,^^a,120 and their use is no longer 
restricted to reduction. 
As is well-recognized, the enormous developments of Suzuki reaction (vide 
supra) in the chemistry of boronic acids during the last decade have contributed greatly to 
the recent progress of synthetic organic chemistry. 115 Several comprehensive and 
excellent reviews a n d books have been p u b l i s h e d . 1 1 5 a ’ 1 2 l However, despite being known 
for more than fifty years, 122 the synthetic application of the trimeric anhydrides of 
boronic acids, so-called boroxines, also known as boron oxide or boroxoles, have been 
restricted mainly to characterization and purification of the corresponding boronic 
acids. 123 
In the following Sections, a brief review wil l be present on some recent advances 
in the field of boroxines, concentrating mainly on the synthesis and synthetic application. 
r 
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ni.9.1.2. Syntheses of boroxines 
ni.9.1.2.1. From boronic acid 
Both alkyl- and arylboronic acids readily gave of water on heating or drying 




-3H2O 0 ' 、 0 
3RB(0H)2 I I 
F^B、。入 R 
Scheme 85 
In contrast to the aromatic monoboronic acids, p-phenylenediboronic acid was not 
readily dehydrated. It was not converted to the corresponding boroxine below 230°C. 
Heating to higher temperature produced the polymeric anhydride. Interestingly, this 
polymer did not melt, could not be distilled or did not change on heating under air to 
350°C or in vacuum to 450°C. A similar polymer was also obtained from m-
phenylenediboronic a c i d . 125 
111.9.1.2.2. From organolithium compounds 
2-Hydroxy-5-bromophenboronic anhydride 131 was prepared from the 
organolithium compound and butyl borate at -78°C (Scheme 86). 126 
OH OLi H O ^ O 
LI 




On the other hand, 2,4,6-tri(2-benzo[&]thenyl)cyclotriboroxine 1 3 2 was prepared 
from 2-benzo[&]thienyllithium and «-butyl borate, which was followed by hydrolysis of 
the product with acid (Scheme 8 7 ) . 127 
9 
1. " B U L I 
2. B(0"bu)3^ 0 入 0 
U U 7 0 ^ 、 。 ^ ： ^ 
132 
Scheme 87 
III.9.1.2.3. From trialkyborane 
In 1962, Hillmann reported that trialkylboranes reacted with CO at about 10000 
psi at 25-75 °C to form 2,5-dibora-1,4-dioxanes which at temperatures higher than 150 °C 
were smoothly converted into the corresponding boroxines 133 (Scheme 88). 128 
CR2 
I 
50。C R B 、 O , C R 2 1 5 0 。 C R 2 C , B 、 O , B 、 C R 2 
133 
Scheme 88 
Subsequent studies by Brown has established that, in many cases, the reaction 
proceeded even under atmospheric pressure. Since the reaction of two different 
organoboranes did not give any cross-over product, the transfer of the alkyl groups from 
boron to carbon must be therefore an intramolecular process. 129 Brown and co-workers 
had also reported that the atmospheric carbonylation of borane-dimethyl sulfide in THF 
- 79 -
in an adapted automatic hydrogenator, at room temperature in the presence of a catalytic 
amount of tetrabutylammonium borohydride proceeded with the smooth uptake of carbon 
monoxide to furnish trimethylboroxine in 81% yield (Scheme 89). 130 
Me 
I 
('BUNH4)BH4 O 人 。 
SBHo. SMe, + SCO 丫 丫 + SSMe, 
Me^ 、cr 、Me 
Scheme 89 
IIL9.1.2.4. From trimethylborane and boric oxide 
Goubeau and Keller have described a high yield route to trimethylboroxine by 
heating trimethylborane with boric oxide at 300。C in a sealed bomb. However, use of the 




MeaB + B2O3 300。c • ？ 入 ？ 
MezB、crB、Me 
Scheme 90 
Similarly, when a stoichiometric mixture of boric oxide and trimethylborate was 
heated in a sealed tube, the product was the cyclic trimer of methyl metaborate, which 
decomposed on heating at 300°C (Scheme 9 1 ) . 132 
OMe 
I 
(Me0)3B+B203 300 • 
B B 
M e c r 、 c r 、 O M e 
Scheme 91 
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ni.9.1.2.5. From dichloroborane 
Lappert and co-workers had shown that the reaction between equimolar 
proportions of boron trichloride and an alkyllithium in hexane gave dichloroborane, 
which was converted into the boroxine 134 in the presence of water at room temperature. 
There was, however, no evidence for the formation of RB(0H)2 or RB=0 products 
(Scheme 92). 133 
CH(SiMe3)2 






III.9.1.2.6. From carboxylic acid 
The method involved the reduction of the carboxylic acid with an excess of 
borane-dimethyl sulfide, which reacted more rapidly with aliphatic acids than with 
aromatic ones. The reaction process implied the formation of a triacyloxyborane, which 




H3B. SMea 2BH3 n z B � n 
RCOoH ^ (RC02)3B ^ Y T THF THF B g 




IIL9.1.3. The reactions of boroxines 
III.9.1.3.1. Oxidation 
The oxidative cleavage of a boron-carbon bond is one of the most important and 
well-documented processes in organoboron chemistry. With l,3,5-tris(benzo[Z7]thien-2-
yl)boroxine, oxidation was conveniently performed by an aqueous hydrogen peroxide to 




Likewise, oxidation of the trialkylboroxine with hydrogen peroxide in the 
/ 
presence of sodium hydroxide gave the corresponding trialkylmethanol (Scheme 
95).128，134a，135 
CR3 
0 入 O H2O2 
1 I R3COH 




Addition of a calculated quantity of water to a THF solution of a boroxine usually 
converted it into methylboronic acid, which was more easily separated from the THF 




B B RB(0H)2 
F T N T 、 R 
Scheme 96 
It is conceivable that small amounts of the trimer are present in aqueous solution 
of the corresponding boronic acid. By careful examination of the pH equilibrium it 
should be possible to demonstrate the existence of complex ions 136 (Scheme 97).136 
？ R、，0H 
0 入 。 0 , i )、0 
1 I + OH- 丫 丫 
R Z 、 ( r 、 R RZB、O入R 
136 
Scheme 97 
III.9.1.3.3. Formation of complexes 
Although those amine adducts of trialkyl or triarylboroxines have been known for 
over fifty years, their structures and the nature of the bonds between the amine and the 
boroxine ring are still not known. Thus, Snyder, from IR data, and more recently Lutter, 
from NMR data (a single " B singlet was observed even at low temperature) have 
proposed structure 137, for these complexes, in which the amine was either uniformly 




B C L > 
O——B-^ 
137 
On the other hand, Ritchey, who has prepared a vast number of these adducts, 
observed a mysterious "new peak" in the iR NMR spectra of the amine adducts of 
triphenylboroxine. It seemed to favor structure 138 in which the amine was coordinated 
to a single boron atom, leaving the other two boron atoms in an s p 2 e n v i r o n m e n t . 137 
R 
c r 、 0 
I I b b 
F T 、 0 入 R 
138 
Yalpani and co-workers have more recently prepared and proposed structures 
(based on ^H and ^ B NMR spectra and X-ray structural analysis in the solid state) for a 
series of donor-acceptor adducts of amines to triorganylboroxines. 137 in the solid state, 
as determined by two selected 3:2 and 1:2 adducts 139 and 140, so that the boron-
nitrogen ratio were 1:1 and 3:1, respectively, only one boron atom of each boroxine ring 
was involved in the adduct formation. 
？h Ph ^ 
， O 入。 A o 人 。 
2 I I • 3 •厂 ） 
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ni.9.1.3.4. Preparation of oxazaborolidine using trimethylboroxine. 
A reliable preparation of oxazaborolidine 143 was based on the reaction of (5)-
a,a-diphenyl-2-pyrrolidinemethanol 141 with trimethylboroxine in toluene at room 
temperature (Scheme 98). 138 
H Ph H Ph y Ph 
V^NH - M e V N . / 
141 H 0 � B ” M么 
I Me 143 
142 
Scheme 98 
III.9.1.4. The structural feature of boroxines 
The structure of H 3 B 3 O 3 in the gas phase has been determined by electron 
diffraction, using digitized microdensitometric data, In the plane of the six-membered 
ring, the bond lengths were B -H = 1.19 土0.02 A, B - 0 = 1.37土0.01 A, the bond angles 
were 120±0.64°.139 Structure of the vapor of trimethylboroxine showed a planar six-
membered ring, with alternating boron and oxygen atoms. The methyl groups were 
bonded to the boron atoms, and were in the plane of the ring, B - 0 = 1.39土0.02 A, B-C = 
1.5土0.03 A , and the B-O-B angle was 112土4。.MO 
Alternatively, triphenylboroxine showed two phenyl rings coplanar with the 
heterocycle. One phenyl ring was inclined at an angle of 10.3 ° to the rest of the system, 
where B - 0 = 1.38土0.03 A, B-C = 1.55土0.03 A, B-O-B = 120.3。，O-B-0 = 1 1 9 . 3 。 . l 4 l 
Lappert and co-workers have reported a detailed structure of a boroxine both in its 
solid and in its aqueous state. The asymmetric unit of the boroxine [(Me3Si)2CHB(|i-0)]3 
- 85 -
was shown to comprise a single molecule consisting of a planar, six-membered B3O3 
ring, with all the B-O bonds essentially equal. Electron-diffraction data on the gaseous 
molecules [XB(M_-0)]3 (X = H and Me) were also available. A low-temperature (-160。C) 
X-ray structure has recently been carried out on [EtB(^i-0)]3. Significant structural 
features for these compounds are summarized and compared with earlier data in Table 
3.133c 
Table 3. Some structural data for the boroxines 
Xin Mean B-0 B-O-B O-B-0 
ryn., OM Bond Length Angle Angle 
IXB(M.-0}J3 <A> < degree > < degree > 
(SIMegjgCH 1.39(1) 124(1) 116(1) 
H 1.37(2) 120(3) 120(3) 
Me 1.38(2) 112(4) 117(3) 
Et 1.38(5) 121.6(1) 118.4(1) 
The boroxines have been the focus of considerable attention with regard to the 
extent of k charge delocalization from oxygen to boron within the six-membered ring 
(Scheme 99). This delocalization of charge, or aromaticity, is consistent with the ring 
being planar and with the B -0 bond distances being considerably shorter than the sum 
( 1 . 5 4 A ) of the B and O covalent r a d i i . 133c,140.142 
R R R 
？入？ ^ _ ^ ^ _ ^ © 0 > 0 © 




III.9.2. Preparation and structural feature of tris[4-(trimethylsilyl)furan-3-
yl] boroxines (144) 
As mentioned earlier, another desired pathway for the conversion of 105a would 
be towards 3,4-disubstituted furans. Notwithstanding that several procedures were known 
before our own endeavors, none of them could provide furans with intricate substituents. 
For example, the Garst-Spencer procedure^Sa and its modification^Sb required ketones 
containing an a-methylene group as starting material. As a result, unsymmetrical ketones 
with two equally reactive a-methylene groups would likely give rise to complication, not 
to mention that a number of sensitive functional groups would be destroyed during the 
arduous reaction sequence involved in this recipe. The oxazole a p p r o a c h ,63,67 on the 
other hand, suffered from the low dienophilic reactivities of many alkynes. Indeed, the 
procedure was usually applicable only to furans with electron-withdrawing 3,4-
substituents. The Reich approach gave only 3-substituted-4-methyl furans and was 
therefore not multi-purpose.64 The same is also true for the Keay approach, which 
furnished either 3-substituted-4-methoxycarbonylfurans'73 or 3-substituted-4-
hydroxymethylfurans.73 Our own tin-protocal71a,71b gave several 3,4-disubstituted furans 
with rather diverse substituents, but an efficient preparation of the starting material, 
namely 3,4-bis(tri-w-butylstannyl)furan has not yet been secured. Interestingly, a recent 
r e p o r t , i n which the synthesis of some structurally not very demanding 3,4-disubstituted 
furans were disclosed, might be an outstanding example to demonstrate the challenge and 
possibly even the frustration in the regiospecific synthesis of these molecules. In view of 
the aforementioned situation and our own failure in synthesizing 3,4-disubstituted furans 
via acylation reactions (vide supra), we thus embarked on the development of a process, 
in which 3,4-disubstituted furans could be produced in a more efficient routine. Needless 
to say, the primary aim of this undertaking was to regiospecifically incorporate various 
structurally complex substituents to furans. This avenue was first explored by our 
- 87 -
attempts to directly replace the trimethylsilyl groups of 105 with aryl or alkenyl groups 
via palladium-catalyzed coupling. This route has so far been unsuccessful, despite the fact 
that similar displacements on fluorinated silanes are w e l l - d o c u m e n t e d . 143 After several 
unsuccessful experiments, it was eventually found that 105 underwent regiospecific ipso 
substitution's with one or two equivalents of boron trichloride from 0 °C to room 
t e m p e r a t u r e ， 1 1 5 h ’ 1 4 4 affording the air-stable tris[4-(trimethylsilyl)furan-3-yl]boroxine 
( 1 4 4 ) in a quantitative yield (Scheme 100). Experimentally, it can be seen that the 
displacement of the silyl group of 105 has been made possible by using a strong Lewis 
acid, i.e. boron trichloride. As it turned out, the resulting dichloroborane were easily 
hydrolyzed to boroxine 144,145 which now plays important roles in our palladium-
catalyzed transformations, thus ensuring a facile entry to carbon-carbon bond formations 
{vide infra). In this connection, boron trichloride is a much better choice than boron 
trifluoride. 
0 
MegSi SiMea 1. BCI3, CH2CI2 ^^ ：^^ ^。，。、。/^ ^ 
\ _ / -78°C, 30 min \ \ \ 
《 \ 2. 5% aq HCI ’ ^638! 0 、 力 
0 or 
1M aq NagCOa I .SMe. 
1 05 100% 《 丫 
144 
Scheme 100 
Tris[4-(trimethylsilyl)furan-3-yl]boroxine ( 1 4 4 ) was isolated as colorless needles 
by recrystalization from ether/hexanes and was found to have the formula 
C2iH3306B3Si3 based on elemental analysis (Calcd for C 50.63; H 6.68. Found C 50.41; 
H 6.61) and mass spectrum data, m/e 498 (M+’ 13), 483 (M+-Me，90), 275 (48)，73 
(SiMes, 100). In its ^H NMR spectrum, the symmetry in the structure of 1 4 4 was 
characterized by two doublets for the aromatic protons of the furan ring at 5 7.43 (d, IH , 
- 88 -
/ = 1 Hz，H5), 8.17 (d, IH, 7 = 1 Hz, H2). The signal observed at 5 0.38 was assigned to 
the trimethylsilyl groups at the 4-position of the furan ring. No -B(0H)2 groups were 
observed in the ^H NMR spectrum. The symmetrical feature of the structure was further 
confirmed by the appearance of four aromatic carbon signals at 6 117.05 (brs, C-3), 
122.21 (s, C-4), 149.10 (d, C-5), and 156.55 (d, C-2) of the furan ring and one carbon 
signal at 5 -0.42 (SiMes) in the 13c NMR spectrum of 144. 
The structure of 1 4 4 was unambiguously established as tr is[4-
(trimethylsilyl)furan-3-yl]boroxine by a X-ray crystallographic study. The X-ray 
analytical data for the 144 are shown in the appendix, and its structure is given in Figure 
2. 
Similarly, the asymmetric unit of the boroxine 144 was shown to comprise a 
single molecule consisting of a planar six-membered B 3 O 3 ring with all the B - 0 bonds 
being essentially equal, which, needless to say, is a significant structural feature for this 
class of compounds. In the boroxine ring the average dimensions are B - 0 = 1.372 (6) A 
and 0 - B - 0 = 119.3 (5)。. 
III.9.3. Palladium-catalyzed Suzuki-type cross-coupling reaction of tris[4-
(trimethyIsiIyl)furan-3-yl]boroxine (144) 
It was found that boroxine 144 smoothly underwent regiospecific Suzuki-type 
c r o s s - c o u p l i n g n 4 ’ 1 1 5 catalyzed by 10 mol% of tetrakis(triphenylphosphine)palladium to 
furnish furans 1 4 5 (Table 4 and Scheme 101). To determine the scope and limitations of 
this conversion, the reaction was performed on a number of aryl and benzylic halides 
(Entries 1-7, and 12-16), aryl and benzylic dibromides (Entries 8-10, and 17-18), an aryl 
tribromide (Entry 11) as well as allylic bromides (Entries 19-20). It seemed that groups of 
diversified electronic and steric nature did not effect the yields of the reactions. With only 
five exceptions (Entries 10，11，12, 19 and 20), the yields of 1 4 5 were generally higher 











































































































































than 90%. As can be seen from Entry 17 in Table I，the reactivities of aryl bromide and 
benzyl bromide were almost the same. On the contrary, cross-coupling took place only 
for aryl bromide in the presence of an a-bromo-ketone (Entry 7，Table 4). 
MesSi 
C x , 0 、 / l ^ O Rix MeaSi , 
MegS 0 、 y O 1M NazCOa U ^ 
B MeOH-PhMe 、〇 




Expectedly, the choice of electrophiles (R^X) as shown in Table I was quite 
restricted because the conversion of 144 eventually to 147 via 146 (Scheme 102) must 
involve again the use of the Lewis acid boron trichloride (vide infra). In light of this fact, 
only aryl and benzyl groups without Lewis acid sensitive functionalities could be safely 
employed as incipient electrophiles, whose coupling products 145 were converted in two 
more steps to 147 (Scheme 102, Tables 5 and 6). 
Having noted the limitation in the choice of Rl，we however still managed to 
engage a number of aryl, benzylic and allylic halides in the formation of 145. While 
128a，128b, 145a, 145b, 145j, 145o and 145p were mainly synthesized with an aim as 
model studies in our first-stage synthetic evaluation of boroxines, 145c, 145d, 145e, 145f, 
145g 145h, 145i, 145ni and 145n, on the other hand, might serve as potential precursors 
of non-natural molecules such as cyclophanesl46a (viz. 145c, 145e, 145f, 145g, 145h, 
145m，145n), heterocyclic oligomersl46b (viz. 145d) as well as d e n d r i m e r s l 4 6 c (viz. 
145i). In contrast, 145k, 130b, 129 and 1451 possess molecular skeletons reminiscent of 
some known natural moleculesl47 and therefore their syntheses might ultimately become 


















































































































































































































































































111.9.4 Preparation and palladium-catalyzed Suzuki-type cross-coupling reactions of 
tris[4-(substituted)furan-3-yl]boroxines (145): regiospecific synthesis of 
unsymmetrical 3,4-disubstituted furans (147) 
To achieve our final goal for the preparation of 3,4-disubstituted furans, the 
remaining trimethylsilyl groups of 145 were again replaced by boron trichloride, and the 
resulting dichloroboranes were subsequently worked up also by addition of 1 M aqueous 
sodium carbonate (Scheme 102). As expected, boroxines 1 4 6 were obtained, albeit in 
r1 
MegSi Ri 1 p j . … / \ \ ^ p R^x R2 RI 
W Y ^ B - ^ - B ^ Pd(PPh3). W 
\ ) 2. 1M N a z C O g " " “ R i 0、，0 1M NaaCOg ( y 
O B MeOH-PhMe O 




somewhat inferior yields (Table 5). As can be seen in Table 5, Entry 3，in the ^H NMR 
spectrum of tris[(«-tributyl)furan-3-yl]boroxine (146c), the structural symmetry was 
characterized by two doublets of the furan ring a-protons at 5 7.29 (d, 5-H, J = 1.5 Hz) 
and 7.92 (d, 2-H, J = 1.5 Hz). A nine proton triplet signal observed at 5 0.95 was due to 
the methyl groups. Multiplet signals observed at 5 1.41 (6H) and 1.63 (12H) were 
assigned to the methylene groups of the «-butyl group at the 4-position of the furan ring. 
The symmetrical feature of the structure was further confirmed by the appearance of four 
aromatic carbon signals at 5 114.36 (brs, C-3), 129.28 (s, C-4), 140.36 (d, C-5) and 
154.82 (d, C-2) of the furan ring, and n-butyl group carbon signals at 5 13.94，22.50, 
24.78 and 32.27 in the 13c NMR spectrum of 146c. It is important to note that the 
- 93 -
Table 5. Preparation of boroxines 146 from 4-substituted-3-(trimethylsMyl)-
furan (145) 
entry 146 R^ [yield%] 
1 146a 0 ~ 72 
2 146b M e - ^ ^ 67 
3 146c "BU- 74 
4 146d O l T ^ 58 
5 146e 
6 146f 0 2 N - ^ - C H 2 - 76 
7 146G M E 0 2 C - ^ ^ C H 2 - 71 
MeO 
8 146h M e O - ^ ^ C H 2 - 31 
MeO 
substitution of the second trimethylsilyl group in 145 by boron trichloride was less facile, 
therefore the yields of these reactions were much lower than that of 144. Again, 
boroxines 146 were readily converted to 3,4-disubstituted furans 147 in good yields 
(Table 6), via the Suzuki-type reaction catalyzed by 10 mol% of 
tetrakis(triphenylphosphine)palladium. The structures of compounds 147 were confirmed 
by both microanalysis and spectrometric data. In particular, the iR NMR spectrum of 
147b showed characteristic signals at 5 2.33 (s, 9H, 3xCH3), 3.72 (s, 6H, 3xCH2), 6.80 
(s，3H), 6.91 (s, 3H), 7.09-7.27 (m, 12H), 7.46 (d，3H, J = 1.4 Hz). Its structural feature 
was also supported by a methyl signal at 21.05, by a methylene signal at 30.33, as well as 


























































































































































































































































































at 6 123.71，127.03, 128.14，129.20, 129.70，136.69, 140.23 in I3c NMR spectrum of 
147b. 
As depicted in Table 6, the preparation of 147a, 147d, 147f and 147g were again 
for model study purpose only. The intriguing generation of 147b, interestingly 
demonstrated the versatility of boroxines in cross-coupling reactions. It is of interest to 
note that the synthesis of 147d, which contained a rather labile cyclic polyene, namely 
cyclooctatetraene, aptly manifested the mildness of our boroxine pathway. The formation 
of 147f, on the other hand, showed that the palladium(O) condition was able to trigger an 
intramolecular Heck-type coupling at the furan a-carbon. Finally, the molecular skeletons 
of compounds 147f, 147g and 147h have found their partially matchable analogs in 
natural occurring molecules. in light of this finding, it is our wish that this method can 
be used to assemble the frameworks of these compounds. 
As can be seen in Table 4 and 6，the alkaline condition required for the Suzuki 
cross-coupling step lamentably prohibited the use of acyl halides. However, this 
discrepancy was addressed and overcome in our tin-directed 3,4-disubstituted furan 
synthesis p r o t o c o l J l a Another compounds that were notably absent from Tables 4 and 6 
were 3,4-dialkynylfurans. To our best knowledge, the use of alkynyl electrophiles have 
not been reported for Suzuki r e a c t i o n . 114,115 To circumvent this shortcoming, we also 
achieved the regiospecific synthesis of several alkynylfurans from iodofurans 120，150a 
and 150b (vide supra and vide infra) 
To conclude this section, it is important to emphasize once again that R l (Table 4) 
must be insensitive to Lewis acids, such as boron trichloride, whereas the choice of R2 
(Table 6) is less demanding, depending solely on the limitations of the Suzuki reaction. 
t 
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ni.9.5. Mechanism of palladium-catalyzed suzuki-type cross-coupling of boroxines 
The mechanism for the coupling of aryl or vinyl, benzyl halides with boroxines is 
outlined in Scheme 103. The oxidative addition of RX on the activated Pd ( P P h 3 ) 2 which 
was given by Pd(PPh3)4，generated an organohalo-palladium complex. A metathetical 
displacement of the halide ion from R-Pd-X with a hydroxide ion gave as expected an 
organopalladium hydroxide, which was believed to be more reactive than the original 
organopalladium halide {vide supra). The boroxine 144 and 146 then took part in the 
R Ar 
Arx 
R I PdLzAr ti 
ArPdLaX 
148 
[ >： ] A 
I 丫 J 、 A r P d L . O H \ 
人 入 X-
OH 、 0 ^ O H R 
L 」 O i 
S ^ A - J ； / 。 
R 6、b,C!) + OH • 
Scheme 103 
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cycle, releasing a tetrahydroxyboroxine ion, and furnishing the diorganopalladium 148. 
On completion of the cycle, the reductive elimination of the expected product, 3,4-
disubstituted furan and the simultaneous regeneration of the activated P d ( P P h 3 ) 2 took 
place. 1 1 4 . 1 1 5 
Noteworthy is that the oxidative addition of 1 -bromo-1 -(trimethylsilyl)ethene to 
transition-metal complexes afforded two a-vinyl c o m p l e x e s . 107a The aforementioned 
reaction proceeded with remarkable stereospecificity. As can be seen in Scheme 104， 
only a trans-o\tim and a terminal olefin were isolated. In the terminal olefin, the 
configuration at the trigonal carbon bearing the halogen atom was retained. Such feature 
is attributable to the fact that the oxidative addition of certain vinyl bromide to 
palladium(O) would afforded an isolable three-membered palladocycle 149，which 
rearranged to the two G-vinyl palladium complexes. 148 Therefore, two products 3-(p-
tolyl)-4-(rra«5-2-trimethylsilylvinyl)furan and 3-(/?-tolyl)-4-(l-trimethylsilylvinyl)furan 
(147b,，1:2) were obtained from the reaction of boroxine 146b with 1-bromo-1-
(trimethylsilyl)ethene (Entry 4’ Table 6). 
-MeaSi. _ H 
H Br PdL2^ H 、 yBr ^ “ PdLzBr 
H S I M e a ^ H ^ ^ S I M e ； H ^ ^ ^ ^ ^ ^ d L ^ B r 
149 L H SIMe3 
Scheme 104 
III.9.6. lodination of boroxines. 
The additional reactivity of boroxines, instead of cross-coupling reactions, has 
also been assessed. This avenue was first explored by treating tris[4-(trimethylsilyl)furan-
3-y l ]borox ine (144)，tris[(4-«-butyl)furan-3-yl]boroxine (146c), tr is[4-(p-
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nitrobenzyl)furan-3-yl]boroxine (146f) and tr is[4-p-(methoxycarbonyl)furan-3-
yl]boroxine (146g) with iodine or iodine monochloride in the presence of AgBF4 in THF 
at -78°C, which afforded the corresponding iodides, namely 3-iodo-4-
(trimethylsilyl)furan (120), 3-iodo-4-(rt-butyl)furan (150a), 3-iodo-4-(p-nitrobenzyl)furan 
(150b) and 3-iodo-4-(p-methoxycarbonyl)furan (150c), respectively (Scheme 105).102 
The assignment of the structures of 120，150a, 150b and 150c was mainly b a s e d on iR 
NMR spectrometry. The AX system signals for the furan protons in 150c displayed 
chemical shifts at 5 7.01 and 7.03 ( /似=1 .5 Hz). It is noteworthy that a direct iodination 
of either 130a, 130b or 129 to 150a, 150b or 150c has so far been unsuccessful. 
M 
I 丨 R 
？ '、？ R A g B F 4， b ( o r i a 、 W 
W 
144 R = SiMeg 120 R = SMe^ 72% 
146c R = " B U 150a R= "BU 50% 
146f R= CH2C6H4-P-NO2 150b R= CH2C6H4-P-NO2 70% 
146g R-CHzCeFV/^COgMe 150c R= CHzCeHd-p^ COgMe 75。/。 
Scheme 105 
Similarly, tris[4-(trimethylsilyl)furan-3-yl]boroxine was also iodinated with 
iodine in the presence of silver trifluoroacetate to afford tris[4-iodofuran-3-yl]boroxine 
151 in a meager 18% yield (Scheme 106). 102 
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n-O 厂 O 
0 ,B、o Ag02CCF3,12 0 ,B、o 
I I SiMes 丫 丫 I 
B B / THF, -78。C R D / 
cTf、。‘ y i - � o ^ Y " H 
144 151 
Scheme 106 
Similarly to the conversion of 120 to 127a {vide supra. Entry 1，Table 2)，iodides 
1 5 0 b and 1 5 0 c reacted with 1-nonyne and 1 -ethynylcyclohexane in accord to the Stille 
procedure to afford unsymmetrical 3,4-disubstituted furans, i.e. 4-(p-nitrobenzyl)-3-( 1 -
nonyny l ) furan (152b) and 3-(l-cyclohexenylethynyl)-4-(p-methoxycarbonyl-
benzyl)furan (152c), respectively (Scheme 107). 113 
R2 
、 0一 CU2I2, EtzNH XQX^ 
r.t. 
150b R^  = CH2C6H4-P-NO2 152b R^  = CH2C6H4-P-NO2 饥。^ 
R2 = heptyl 。 
150c R1 = CHzCghVp^ COaMe 152c R1 = CHaCelV/^ COzMe 
行 2 72% 
R = 1-cyclohexenyl 
Scheme 107 
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ni.lO. Regiospecific Synthesis of Furan-3,4-diyl Oligomers via Palladium-catalyzed 
Self-coupling of Boroxines 
III.10.1 Palladium-catalyzed reactions of boroxines with ortho-
bis(broinoinethyl)arenes 
During the course of the studies described in the last Sections, the cross-coupling 
of boroxines with various (9rr/z(9-bis(bromomethyl)arenes was attempted. In this Section, 
the results so far obtained wi l l be discussed. The application of this procedure to the 
efficient and regiospecific synthesis of furan-3,4-diyl oligomers, which are difficult or 
even impossible to realize otherwise, wi l l also be reported. 
Reaction of boroxines 144 o r 146 with (?rr/2<9-bis(bromomethyl)arenes 153 using 
palladium catalyst in the presence of 2 M Na2C03 afforded unexpectedly the cross-
coupled products 154 and dimeric furans 155 (Scheme 108). The results are summarized 
in Table 7 
Br c / V " t \ R A 
r r r ^ + “ f y Y ^ r ^ n r ^ + 
o 丫 。 R ： ‘ k A ^ c / M 
Br 0 
^ o 154 155 
153 1 44 or 146 
Scheme 108 
As can be seen in Table 7，the use of 1,2-bis(bromomethyl)benzene (Entry 1)， 
9,10-bis(bromomethyl)phenanthrene (Entry 2)，l,2-bis(bromo-methyl)naphthalene (Entry 
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Table 7. Palladium- catalyzed coupling reactions of boroxines 144 or 146 with 
orf/]o-bis(bromomethyl)arenes 153 ^ 
entry 153 144 or 146 154 (yield 155 (yield 
SiMes 
1 O C B ： R = SiMe3 0 0 d > R 二 
144 
154a (55) 
2 。 J G ： R = : "1=55二 
154b (46) 
3 o a R = ， 〜 1=55二 
154c (28) 
SiMea 
4 o o C B B ; o o c » R 二 ） 
154d (65) 
CH2C6H4-p-C02Me 
4 O O C ^ r ' R = CH2C6H4-p-C02Me O O O d ^ R = CHzCsHA-p^ COzMe 
^ ^ 146g 1540(57) 155b (24) 
A A A C6H4-P-Me 
4 A l f Y ^ B r R = C6H4-p-Me i f y Y V ^ S R = C6H4-/>Me 
' W ^ M k . B r 146b " V ^ W ^ O 155c (18) 
154f (41) 
H g j j 
4 OCCbB ; = O O O ^ 二 
154g (52) 
^ B r ' ^ W ^ B r R = SMe^ m、 R = SiMe] 
5 B r ^ j y i ^ B r ^^^ ‘ (0) 155a (89) 
Me 
6 ( 0 C B ： (0) 二 ） 
Me 
7 ( f ^ N f Br R = SIMea (0) R = SMe^ 
7 M ^ N 人 v B r 144 155a (90) 
a o/tA]o-Bis(bromomethyl)arenes 153 (1.5 mmol), boroxines 144 or 146 (1 mmol); Pd(PPh3)4 
(0.1 mmol), 2 M NaaCOa solution (6mL), MeOH/PhMe (1:1,50 mL), bath temperature 140。C. 
b Isolated yields. ° Solvent: MeOH/PhMe (5:1,50 mL). 
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3), and 2，3-bis(bromomethyl)naphthalene (Entry 4) favored the formation of two 
products, i.e., the cross-coupled products 154，and the symmetrical bifurans 155, formed 
presumably through a self-coupling mechanism. In sharp contrast, the use of 1,2,4,5-
tetrakis(bromomethyl)benzene (Entry 5), l,4-dimethyl-2,3-bis(bromo-methyl)benzene 
(Entry 6), and 2,3-bis(bromomethyl)quinoxaline (Entry 7) gave only symmetrical 
bifurans 155 in good yields. The cross-coupled products 154 were not detected in these 
experiments. 
111.10.2. Reaction mechanism 
The mechanism of the aforementioned palladium-catalyzed cross-coupling 
reaction can be considered in accordance to the well-established Suzuki r e a c t i o n . 114，115 
However, to our best knowledge, no self-coupling has been observed for the Suzuki 
reaction thus far. Based on the results obtained, a mechanism is proposed, which involved 
a series of oxidative additions, transmetallations, and reductive eliminations. As depicted 
in Scheme II，the mechanism consists of two catalytic cycles A and B’ 107’ 108 which 
account for the formation of 154 and 155. Each catalytic cycle began with the oxidative 
addition of one of the C-Br bonds of the arenes to the Pd(0) catalyst to give the common 
Pd(II) complex I . In the presence of a base (OH-)’149 the intermediate I went through a 
transmetallation process with boroxine 144 or 146 to provide the diorganopalladium 
complex I I , which then underwent a reductive elimination to give I I I in cycle A and 
regenerated the reactive Pd(0) species. An oxidative addition step of Pd(0) with the C-Br 
bond of I I I converted it to the organopalladium halide IV , which was able to undergo a 
Heck-type reactionl04"l06,110,150 to form V. Eventually, a reductive elimination process 
gave the cross-coupled product 154 and regenerated the Pd(0) catalyst. On the other hand, 
the bifurans 155 were produced as illustrated in cycle B. In competition with the 
reductive elimination reaction (i.e., I I III)，107,108 the Pd(II) complex I I could also 













































































































































































































































transmetallation with boroxine 144 or 146 in the presence of a basel49 gave the 
bis(diorganopalladium)complex VI I , which might go through a disproportionation 
reaction to give two diorganopalladium complexes V I I I and I X . 151 Complex V I I I was 
able to generate bifuran 155 and the Pd(0) catalyst via a reductive elimination reaction. It 
is likely that 1X^51 was thermally unstable at room t e m p e r a t u r e , 152 and the Pd-C bonds 
would be cleaved in reflux aqueous methanol. One conceivable pathway was the 
breakdown of I X to an oxylylene moiety, through which the reactive Pd(0) was 
simultaneously regenerated. In addition, triphenylphosphine oxide was also isolated. 
However, in view that Pd(0) was only used in a catalytic amount, it is therefore 
highly likely that the complex I I would only undergo an intramolecular oxidative 
addition to provide a Pd(IV) species Xl供 as shown in the Scheme 110. It is possible that 
the quinoxaline molecules also functioned as ligands. The Pd(IV) complex X might then 
either go through a reductive elimination step to proceed eventually to the 
dihydrobenzo[办]furan 154，or went through, to our best knowledge, an unprecedented 
transmetallation step to complex XI . Reductive elimination of X I would therefore afford 
the bifuran 155 and the palladacyclopentene IX，which would regenerate the Pd(0) 




Ar PdLs ^ ^ 「Ar | Pd "5 
iX XI 
/ R BOx ‘ 
。 H - + ( ⑴ L 
a r r v i . r ^ ' H 
Br X 
II 




Before the results on the successful use of the unexpected self-coupling reaction 
are presented, it is worthwhile at this point to examine and to verify the proposed 
mechanism. Interestingly, in the absence of an orr/z<9-bis(bromomethyl)arene, tris{4-[o-
(p-tolyl)phenyl]-furan-3-yl}boroxine (146(1)，tris[4-(p-nitrobenzyl)furan-3-yl]boroxine 
(146f), tris[4-(p-methoxycarbonylbenzyl)furan-3-yl]boroxine (146g), and tris[4-(3',4',5''-
trimethoxybenzyl)furan-3-yl]boroxine (146h) were consumed completely to give the 
protonated products 156，i.e., 3-[o-(p-tolyl)phenyl]furan (156d), 3-(p-nitrobenzyl)-furan 
(156f), 3 - ( /?-methoxycarbony lbenzy l ) furan (156g) , and 3-(3’，4，’5，-
trimethoxybenzyl)furan (156h), respectively (Scheme 111). 
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O z JT \ H R 
O 、 ? ^ ^ ^ ^ ^ Pd(PPh3)4,1M Na2C03_ V " / 
0 � , 0 R PhMe-MeOH, reflux 
146d R = C6H4-c>-C6H4-p-Me I56d R = C6H4-0-C6H4-P-MG 70% 
146f R = CH2C6H4-P-NO2 156f R = CH2C6H4-P-NO2 66% 
146g R = CH2C6H4-p-C02Me 156g R = CHaCeHA.p^ COaMe 7 3 % 
146h R = CH2C6H2-3,，4•，5.-(OMe)3 156h R = CHjCeHz-S•，4•，5'-(OMe)3 75% 
Scheme 111 
As can be seen from the mechanisms shown in Scheme 109 and 110，it is clear 
that bis(bromomethyl)arenes are required to achieve the furan coupling. Moreover, as 
shown in Scheme 112，partial evidence in support of the mechanism has been obtained 
when a mixture of tris[4-(trimethylsilyl)furan-3-yl]boroxine (144) and 146g was allowed 
to react with Pd(0) in 1 M Na2C03 in the presence of 2,3-bis(bromomethyl)quinoxaline. 
This afforded a mixture of the self-coupled products 4,4-bis(trimethylsilyl)-3,3'-bifuran 
(155a) a n d 4,4‘-bis(p-methoxylcarbonylbenzyl)-3,3 ‘-bifuran (155b) as w e l l as the "cross-
coupled" product, namely 4-trimethylsilyl-4'-(p-methoxycarbonylbenzyl)-3,3'-bifuran 
(157). In view of this finding, it is likely that the formation of 155a, 155b and 157 was 
due to either a "disproportionation" reaction of the three possible intermediate complexes 
V I I (Scheme 109)，or a transmetallation reaction of X to form X I (Scheme 110). 
Nevertheless, the remarkable tendency of 2,3-bis(bromomethyl)quinoxaline (Entry 7， 
Table 7)，as well as l,2,4,5-tetrakis(bromomethyl)benzene (Entry 5，Table 7) and 1,4-
dimethyl-2,3-bis(bromomethyl)benzene (Entry 6, Table 7) to induce the self-coupling 































































































































































































































III. 10.3. Synthesis of furan-3,4-diyl oligomers. 
Notwithstanding the fact that several reports dealing with five-membered 
heterocycle-2,5-diyl oligomers have a p p e a r e d , ^ ^ ^ a direct and regiospecific synthesis of 
the respective 3,4-diyl counterparts have so far not been recorded. From a synthetic 
viewpoint, such a lack of activity is particularly true for oligomeric furans, and might be 
attributable to their non-trivial preparation. 
Based on the use of palladium-catalyzed reactions, the highly efficient self-
coupling procedures which involved the use of boroxines 144 or 146 and 2,3-
bis(bromomethyl)quinoxaline (Entry 7，Table 5) was expected to provide a novel route to 
symmetrical furan-3,4-diyl oligomers (Scheme 113). Furthermore, palladium-catalyzed 
cross-coupling reaction that involved boroxines 144 or 146 and 3-iodo-4-substituted 
furans yielded another pathway to unsymmetrical furan-3,4-diyl oligomers (Scheme 114). 
In order to put to test the effectiveness of these reactions, our first endeavor was the 
synthesis of 3，3，-bifurans (Scheme 113). The palladium-catalyzed coupling of boroxines 
tris[4-(phenyl)furan-3-yl]boroxine (146a), tris[4-(Ai-butyl)furan-3-yl]boroxine (146c), 
tr is[4-((9-(p-tolyl)phenyl)furan-3-yl]boroxine (146d) and t r i s [ 4 - ( p -
methoxycarbonylbenzyl)furan-3-yl]boroxine (146g) in the presence of 2,3-
bis(bromomethyl)quinoxaline gave 4,4'-bis(phenyl)-3,3'-bifuran (158a), 4，4’-bis(n-
butyl)-3,3'-bifuran (155d), 4,4'-bis[^?-(p-tolyl)phenyl]-3,3'-bifuran (158d), and 4,4'-
bis(p-methoxycarbonylbenzyl)-3,3'-bifuran (155b), respectively. In the synthesis of 
158d, 21% yield of the protonated product 156d was also isolated, presumably due to the 
steric hindrance of the biphenyl group. 
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� 0 O 
^ ^ ^ ^ ^ ^ ^ B , 。 、 ? ^ ^ " ^ ^ ^ PD(PPH3)4，1MNA2C03 R 
R PhMe-MeOH, r e f l u x > R \ — / 
° 2,3-Bis(bromomethyl)- 这 \ 
P I quinoxaline ^ r r 
146a R = CeHs 158a R = CeHs 75% 
146c R = "Bu 155d R = "Bu 80% 
146d R = (WoCeHU-p^Me I58d R = CeFVoCeJVp^Me 52% 
146g R = CH2C6H4-p-C02Me 155b R = CHaCeHd-joCOaMe 77% 
Scheme 113 
As can also be seen in Scheme 114, when boroxine 144 was allowed to undergo a 
palladium-catalyzed cross-coupling with 4-iodo-3-(trimethylsilyl)furan (120) or 4-iodo-3-
(p-methoxycarbonylbenzyl)furan (150c), bifurans 155a and 157 respectively were 
furnished. Likewise, on reaction with 4-iodo-3-(p-nitxobenzyl)furan (150b), boroxines 
^ O PhMe-MeOH, reflux “ 
144 R = SIMea 120 R^  = SiMeg 155a R = R^  = SiMeg 89% 
144 R = SlMea 150c Ri = CHzCeFVp^ COaMe 157 R = SiMea R^  = CH2C6H4-P-CO2MG 79% 
144 R = SiMeg 150b fT = CH2C6H4-P-NO2 159a R = SiMes R^  = CH2C6H4-P-NO2 -70% 
146b R = C6H4-p-Me 1 2 0 R^  = SiMeg 159b R = CgHq-p^Me r1 = SiMeg 80% 
146c R = "Bu 120 R1 = SiMe3 159c R = "Bu R^  = SiMeg 90% 
Scheme 114 
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144 gave 4-trimethylsilyl-4'-(p-nitrobenzyl)-3,3'-bifuran (159a). The reaction between 
tris[4-(p-tolyl)furan-3-yl]boroxine (146b) or tris[4-(n-butyl)furan-3-yl]boroxine (146c) 
with 4-iodo-3-(trimethylsilyl)furan (120) afforded the unsymmetrical 4-trimethylsilyl-4‘-
(p-tolyl)-3,3'-bifuran (159b) and 4-trimethylsilyl-4'-(rt-butyl)-3,3'-bifuran (159c), 
respectively (Scheme 114). 
From the examples mentioned above, it is quite clear that the palladium-catalyzed 
self- and cross-coupling reactions can be applied also to the synthesis of furan-3,4-diyl 
trimers and tetramers. In support of this, it was found that tris(4'-trimethylsilylfuran-3,3'-
bifuran-4-yl)boroxine (160) and tris[4'-(p-tolyl)-3,3 ‘-bifuran-4-y 1]boroxine (161) were 
generated through the usual procedure from 155a and 159b, respectively. 
O , 】 认 r o � r V 
MeaSi 2 . — 3 ‘ o ^ y ^ 
R L q 
155a R = SiMeg 160 R = SiMes 80% 
159b R = C6H4-p-Me 161 R = C6H4-P-MG 60% 
Scheme 115 
Expectedly, a palladium-catalyzed cross-coupling reaction of boroxine 160 with 
4-iodo-3-(trimethylsilyl)furan (120) furnished 4,4"-bis(trimethylsilyl)-3,3':4',3"-terfuran 
(162). The identity of 162 is unequivocally vindicated by its ^H NMR spectrum, which 
exhibited a single methyl absorption at 6 0.12 and three 2H olefinic signals at 5 7.22, 
7.31, and 7.47, whose coupling constants, ranging from 0.5 to 1.3 Hz, were in agreement 
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with a 3，3，，4，3，，-terfuran skeleton. The appearance of only 7 signals in the ^^C NMR 
spectrum indicated that 162 is a symmetrical terfuran. The structure of 162 was also 
supported by a correct elemental analysis result. Under similar conditions, the 
unsymmetrical 4-trimethylsilyl-4，-(p-nkrobenzyl)-3，3，:4，，3’，-terfuran (163) was also 
prepared from 160 and 3-iodo-4-(p-nitrobenzyl)furan (150b) (Scheme 116). 
R. 
0 
r-O 0 0 
。 \ ^ B 入 B 々 + Pd(PPh3)4’1MNa2C03> U 只 ^ 
O J、nz4 J ^ ^ R + ^ “PhMe-MeOH, reflux ^ R V " / 
R L q 
160 R = SIMea 120 R1 = SiMej 162 R = R^  = SiMes 91% 
160 R = SIMeg 150b r1 = CH2C6H4-P-NO2 163 R = SiMes r1 = CH2C6H4-P-NO2 62% 
Scheme 116 
Of great interest is the palladium-catalyzed self-coupling of 160 in the presence of 
2,3-bis(bromomethyl)quinoxaline, which eventually gave a furan-3,4-diyl tetramer, 
namely 4，4，，，-bis(trimethylsilyl)-3，3，:4，，3，，:4，，，3，’，-ciuaterfuran (164). Similar to 155a 
and 162, the structure of quaterfuran 164 is also supported by ^H NMR spectrometry (a 
single methyl absorption and 4 olefinic doublets), l 3 c NMR spectrometry (nine 
absorptions) and a correct elemental analysis result. A further example of this furan-3,4-
diyl tetramer synthesis has been given by the conversion of 159b to tris[4'-(p-tolyl)-3,3'-
b i furan-4-y l ]boroxine (161), which as expected afforded 4,4"'-bis(p-tolyl)-
3,3' :4',3 " :4",3"'-quaterfuran (165) under similar coupling conditions. In this reaction, 





认 Pd(PPh3).1MNa.C03^ O O R 
^ A 、 ） y V ^ R PhMe-MeOH, reflux ’ R \ — / \ _ / 
/ I ？ 2,3-Bis(bromomethyl)- / / \ \ / / ^ 4 J L 1 q—"ne S / 
R ^ O 
160 R = SiMes 164 R = SIMea 79% 
161 R = C6H4-p-Me 165 RsCeHq-p^Me 50% 
Scheme 117 
Encouraged by the successful synthesis of furan-3，4-diyl dimers, trimers and 
tetramers, the preparation of a furan-3,4-diyl octamer was also sought. Thus, as shown in 
Scheme 118，the tetramer 164 was converted to its corresponding boroxine, and 
subsequent coupling reaction gave the octifuran 166, albeit in only 20% yield. The 
structure of 166 has been substantiated by the appearance of the 16 olefinic protons 
(sixteen I H doublets at 6 7.07，7.08, 7.14，7.17，7.19，7.20，7.21, 7.26, 7.27，7.28, 7.31’ 
7.35, 7.36, 7.38, 7.44，and 7.45) and 18 methyl protons (two 9H singlets at 5 0.03 and 


















































































III.ll . Conclusion 
A new and efficient 3,4-disubstituted furan synthesis starting from readily available 
starting material was designed. The required starting material, 3,4-bis(trimethylsilyl)furan 
(105) was readily available through the Diels-Alder/retro Diels-Alder reactions of 4-
phenyloxazole and bis(trimethylsilyl)acetylene (Scheme 64). 
In the preparation of Furan 105，it was discovered that the presence of 
trimethylamine was essential for retarding the rearrangement of furan 105 to 2,4-
bis(trimethylsilyl)furan (107). Trifluoroacetic anhydride containing a catalytic amount of 
trifluoroacetic acid was found to efficiently promote the rearrangement of furan 105， 
furnishing 2,4-bis(trimethylsilyl)furan (107) as the only isolable products (Scheme 65). 
Reasons have been given to explain the low yield results of the Diels-Alder 
procedures involving 105 and some dienophiles. It is believed that such inefficient 
reaction was due to the bulky trimethylsilyl groups substituted at the two ends of a 
carbon-carbon double bond. 
Furan 105 was also able to undergo regiospecific electrophilic substitution at the 
unsubstituted a-position and gave a pair of regio-isomers. The only successful ipso-
substitution pattern was observed in the acylation reaction of 105 with p，p-
dimethylacryloyl chloride in the presence of titanium (IV) chloride (Scheme 69). 
4-Iodo-3-trimethylsilylfuran (120)，obtained through the regiospecific iodination of 
3,4-bis(trimethylsilyl)furan (105)，underwent either palladium- or nickel-catalyzed cross-
coupling reactions with terminal alkenes (Heck reaction), terminal alkynes (Stille 
reaction), areneboronic acids (Suzuki reaction), /7-(methoxycarbonyl)benzylzinc bromide 
and Grignard reagents to afford 4-substituted-3-(tr imethylsi lyl)furans 
121,122,127,128,129 and 130 (Schemes 71,72,77,80,82,83). 
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The reaction of iodofuran 120 with an excess of ethyl acrylate under the common 
Heck condition, led to the formation of 2,3-bis(frart5-ethoxycarbonylvinyl)-4-
(trimethylsilyl)furan (125). Thermal 671-electrocyclic reaction of 125 in the presence of 
sulfur resulted finally in the formation of benzoannulated product 3-(trimethylsilyl)-5,6-
bis(ethoxycarbonyl)-benzo[2.3-Z?]furan (126) (Schemes 74,76). 
As a versatile building block, 3,4-bis(trimethylsilyl)furan (105) was converted 
regiospecifically to various 3,4-disubstituted furans (147), utilizing consecutively and 
repeatedly an ipso displacement of the trimethylsilyl group with boron trichloride and a 
novel palladium-catalyzed Suzuki-type coupling reaction of the resulting boroxines 
(144,146) (Schemes 100,101,102). 
The reaction of tris[(4-trimethylsilyl)furan-3-yl]boroxine (144), tris[(n-butyl)furan-
3-yl]boroxine (146c), tris[(4-(p-nitrobenzyl)furan-3-yl]boroxine (146f) and tris[4-(p-
methoxycarbonylbenzyl)furan-3-yl]-boroxine (146g) with iodine in the presence of 
silver tetrafluoroborate afforded the corresponding iodides 120 and 150a, 150b and 
150c (Scheme 105). The trimethylsilyl group directed /p5<9-substitution of an iodo group 
on tris[(4-trimethylsilyl)furan-3-yl]boroxine (144) using iodine and silver trifluoroacetate 
in THF at -78。C，generating tiis[(4-iodo)furan-3-yl]boroxine (151) (Scheme 106). 
The palladium-catalyzed reduction of organoboroxines affording reductive products 
(Scheme 111). 
The pal ladium-catalyzed reaction of organoboroxines and ortho-
bis(bromomethyl)arenes produced regiospecifically the cross-coupling products (154) 
and the corresponding dimeric bifurans (155) (Scheme 108). This method has been 
successfully applied to the synthesis of symmetrical, as well as unsymmetrical furan-3,4-
diyl dimers (155,157,158,159), trimers (162,163), and tetramers (164,165). A 
T-
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furan-3,4-diyl octamer (166) was also obtained by utilizing this method (Schemes 
113,114,115,116,117,118). 
In order to demonstrate the versatility of 105 as a building block, its overall 
conversions are summarized in Scheme 119. 
Synthetic Applications of 3,4-Bis(trimethylsilyl)furan (105) 
Me SI COgEt 
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Scheme 119 
It is expected that 105 wi l l become a versatile building block in our own quest of 
interesting non-natural products. 
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EXPERIMENTAL 
General. Melting points were measured on a Reichert Microscope apparatus and 
were uncorrected. NMR spectra were record on a Bruker-Cryospec W M 250 
spectrometer. iH NMR (250.13 MHz) chemical shifts are reported relative to CDCI3 at 5 
7.24 ppm and tetramethylsilane at 6 0.00 ppm. Coupling constants are reported in Hz. 13c 
NMR (62.89 MHz) chemical shifts are expressed relative to CDCI3 at 5 77.00 ppm and 
tetramethylsilane at 5 0.00 ppm. NMR spectroscopic terms were reported by using the 
following abbreviations: s, singlet; d, doublet; t, triplet; m, multiplet. Mass spectra (EIMS, 
CIMS and HRMS) were obtained with a VG Micromass 7070F spectrometer and 
determined at an ionizing voltage of 70 eV, relevant data were tabulated as m/e. Elemental 
analysis were performed at Shanghai Institute of Organic Chemistry, The Chinese 
Academy of Sciences, China. 
Unless otherwise stated, all reactions were carried out in oven-dried glassware. 
THF was distilled from sodium benzophenone ketyl. Methylene chloride was distilled 
from CaH2. A l l solutions were evaporated under reduced pressure with a rotary 
evaporator and the residue was chromatographed on a silica gel column using hexanes-
diethyl ether as the eluent unless specified otherwise. Flash chromatography was 
performed using E. Merck silica gel 60 (230-400 mesh). The plates used for thin-layer 
chromatography (TLC) were E. Merck silica gel 60 F254 (0.25-mm thickness) precoated 
on aluminum plate, and they were visualized under both long (365 nm) and short (254 
nm) UV light. 
Materials. Reagents were purchased from commercial suppliers and were used 
without further puri f icat ion. Tetrakis(tr iphenylphosphine)palladium(0), 
b is( t r iphenylphosphine)pal lad ium(I I ) chlor ide, pal ladium diacetate, 
bis(triphenylphosphine)nickel(II) chloride and 2,3-bis(bromomethyl)quinoxaline were 
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purchased from Aldrich Chemical Company and were used as received. 1,2-
bis(bromomethyl)benzene, 2,3-bis(bromomethyl)naphthalene, 1,2-bis(bromomethyl)-
naphthalene, l,2,4,5-tetrakis(bromomethyl)benzene, 3,6-dimethyl-1,2-bis(bromo-
methyl)benzene and 9,10-bis(bromomethyl)phenanthrene were prepared by bromination 
of the corresponding methyl-subst i tuted arenes.156 5,6-Didehydro-
dibenzo[fl，e]cyclooctene，91 trans-1 - iodohexene,rra^z^- l-iodoheptene,l57 2-iodo-4'-
methyl-l，r-biphenyl，158 4，4，-dibromo-(9-terphenyl，158 piperonyl chloride, 159 bromo-
cyclooctatetraene，l 6 0a，cx，，a，，-tribromomesitylene，l6l 2,2'-bromomethyl-1,1'-
biphenyl，l61 2，3-bis(bromomethyl)naphthalenel61 were prepared according to the 
literature reports. 
4 - P h e n y l o x a z o l e . l 6 2 a mixture of phenacyl bromide (255 g, 1.28 mol), 
ammonium formate (281 mg, 4.4 mol) in anhydrous formic acid (1.3 L) was refluxed for 
5.5 h. The resulting dark-brown solution was poured into ice (1 kg). NaOH solution (8.3 
M, 4 L) was added slowly to the mixture with continuous stirring in order to neutralize 
the acid. When the pH reached 8，ether (2x500 mL) was added to extract the product. The 
organic layer was separated, dried with MgS04, and evaporated to give a crude dark-red 
liquid which was distilled under vacuum at 94-95。C (10 mmHg) [lit. bp. 57-60。C (0.6 
mmHg)]l62 to furnish a light yellow liquid. Silica gel column chromatography (silica gel, 
1 kg, hexanes/Et20, 5/1) afforded a colorless oil (57 g, 30%). iR NMR ( C D C I 3 ) 5 7.27-
7.40 (m, 3H), 7.71-7.75 (m, 2H), 7.88 (s, IH), 7.89 (s, IH). MS mie 145 (M+, 40). 
3,4-bis(trimethyIsiIyl)furan (105). Bis(trimethylsilyl)acetylene (17 g, 0.1 mol) 
and 4-phenyloxazole (14.5 g, 0.1 mol) were mixed in a sealed tube to which anhydrous 
triethylamine (0.7 mL, 5 mmol) was added. The sealed tube was heated at 300 °C for 9 
days to give a dark-brown mixture. Vacuum distillation of the resulting mixture gave a 
colorless liquid. Column chromatography on silica gel (350 g, hexanes) afforded a 
colorless oi l of 3,4-bis(trimethylsilyl)furan (105) (17 g，80%), b.p. 30-32。C (0.6 
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mmHg).83 iR NMR (CDCI3) 5 0.25 (s，18H, 2xSiM巧)，7.41 (s, 2H, Ha)； l^C NMR 
(CDCI3) 5 0.43，121.90，149.61; MS mie 212 (M+，60). 
4-Ethoxycarbonyl-3-(tr imethylsi lyl)furan (106). Ethyl 3-(trimethylsilyl)-
propynoate (3.4 g, 0.02 mol) and 4-phenyloxazole (2.9g, 0.02 mol) were mixed in a 
sealed tube to which anhydrous triethylamine (0.2 mL, 5 mmol) was added. The sealed 
tube was heated at 300 °C for 4 days to give a dark-brown mixture. Vacuum distillation 
of the resulting mixture gave a colorless liquid. Column chromatography on silica gel (80 
g, hexanes/Et20 8/1) afforded a colorless oil of 4-ethoxy-3-(trimethylsilyl)furan (106) 
(3.4g，80%). IH NMR (CDCI3) 5 0.28 (s, 9H, SiMes), 1.35 (t, 3H, J = 7.2 Hz, CH3), 4.31 
(q，2H, J = 7.2 Hz, CH2), 121 (d, IH, J = 1.4 Hz), 8.08 (d, IH, J = 1.4 Hz); MS m/e 212 
(M+, 20). Anal. Calcd for CioHi603Si: C, 56.58; H, 7.60. Found: C，56.48; H, 7.51. 
2,4-Bis(trimethylsilyl)furan ( 1 0 7 )83. Method (a). 3,4-Bis(trimethylsilyl)furan 
(105) (0.1 g, 0.5 mmol) and CCI4 (1 mL) were mixed in a sealed tube. To this solution 
trifluoroacetic anhydride (0.1 mL, 0.7 mmol) was added through a syringe. The sealed 
tube was heated to 150 °C for 24 h. The resulting mixture was evaporated to give a brown 
oil which was purified by chromatography on a silica gel column (30 g, hexanes) to 
afford a colorless oil (85 mg, 85%) of 2,4-bis(trimethylsilyl)furan (107). i R NMR 
(CDCI3) 5 0.21 (s, 9H), 0.26 (s，9H)，6.60 (s，IH), 7.54 (s, IH); 13c NMR (CDCI3) 5 -
1.52，-0.53,118.17,123.22,151.19，160.43; MS m/e 212 (M+, 30). 
Method (b). Bis(trimethylsilyl)acetylene (2 g, 0.02 mol) and 4-phenyloxazole (2 
g，0.01 mol) were mixed in a sealed tube to which anhydrous formic acid (0.1 mL, 2.6 
mmol) was added. The sealed tube was heated at 290 °C for 3.5 days to give a dark 
mixture. Vacuum distillation of the resulting mixture gave a colorless liquid. Column 
chromatography on silica gel (50 g, hexanes) afforded a colorless oi l of 2,4-
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bis(trimethylsilyl)furan (107) (1.63 g, 33%). The physical and spectrometric data were 
identical with an authentic sample prepared previously. 
3,4-Bis(trimethylsiIyl)furan-2-carbaIdehyde (112). To 105 (212 mg，1 mmol) 
and dichloromethyl methyl ether (127 mg, 1.1 mmol) dissolved in dry CH2CI2 (10 mL) at 
-78 °C was added titanium(IV) chloride (1 mL, 1.0 M solution in CH2CI2) and the 
mixture was stirred at this temperature for 1 h. The resulting red-brownish solution was 
hydrolyzed by addition of 50% aqueous MeOH (10 mL) at -20 °C. The organic layer was 
separated and the aqueous layer was extracted with CH2CI2 (20 mL). The combined 
CH2CI2 solution was washed with 5% NaHCOs (15 mL) and 20% NaCl (10 mL) 
solution, dried with MgS04, and concentrated by evaporation. Isolation of the product by 
column chromatography (silica gel, 50 g, hexanes/Et20, 8/1) afforded 112 (156 mg, 65%) 
as a colorless oil. i H NMR (CDCI3) 5 0.33 (s, 9H, SiMes), 0.42 (s, 9H, SiMes), 7.61 (s， 
IH)，9.86 (s, IH, CHO); 13c NMR (CDCI3) 50.53’ 1.31，117.42, 126.52, 152.97，158.24， 
179.00; MS m/e 240 (M+’ 10). Anal. Calcd for CiiH2o02Si2： C, 54.94; H, 8.38. Found: 
C，55.00; H，8.31. 
3,4-Bis(trimethyIsilyl)furan-2-aldehyde (112) and 4-(trimethylsilyl)furan-2-
aldehyde (113). A mixture of 105 (212 mg, 1 mmol) and DMF (92 mg, 1.26 mmol) in 
CH2CI2 (2 ml) was stirred for 10 min at 0。(：：. After that POCI3 (184 mg, 1.2 mmol) was 
added slowly, and the reaction mixture was further stirred and refluxed for 2 h. After 
addition of ice-water (10 mL), the reaction mixture was neutralized with sodium acetate 
solution. The organic phase was separated and the aqueous phase was extracted with 
Et20 (3x20 mL). Then the combined organic phase was washed with NaHCOs solution 
(20%，10 mL), dried over MgS04 and evaporated. Purification by chromatography on 
silica gel (40 g, hexanes/Et20, 8/1) yielded 112 (115.5 mg, 48%) and 113 (40 mg, 22%) 
as oils. Compound 113: ^H NMR (CDCI3) 5 0.26 (s, 9H, SiMes), 7.26 (s, IH), 7.58 (s, 
IH), 9.66 (s，IH); 13c NMR (CDCI3) 5 -1.01，122.52, 125.00, 152.04, 153.95, 177.68; 
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MS mie 168 (M+’ 5)，167 (M+-1，100). Anal. Calcd for CgHisOaSi: C, 57.10; H, 7.19. 
Found: C, 57.35; H, 7.48. Compound 112 was identical in all aspects with an authentic 
sample prepared previously. 
2-AcetyI-3,4-bis(trimethylsiIyl)furan (114) and 2-acetyI-4-(trimethyIsiiyl)-
furan (115). These compounds were prepared from the acylation of 105 ( 2 1 2 mg, 1 
mmol) with acetyl chloride (94.2 mg, 1.2 mmol) in the same manner as that described for 
112. Ketones 114 (174 mg, 73%) and 115 (32 mg, 18%) were afforded as oils. 
Compound 114: iR NMR (CDCI3) 5 0.30 (s, 9H, SiMes), 0.31 (s, 9H, SiMes), 2.50(s, 
3H, CH3), 7.45 (s, IH); 13c NMR (CDCI3) 5 0.47，0.79，27.13, 117.70，126.76，150.92, 
158.89，188.72; MS mIe 254 (M+，5)，239 (M+-Me, 100). Anal. Calcd for Ci2H2202Si2： 
C, 56.67; H, 8.73. Found: C，56.54; H, 8.71. Compound 115. iR NMR ( C D C I 3 ) 5 0.19 (s, 
9H，SiMes), 2.42 (s，3H, CH3), 7.12 (s, IH), 7.41 (s, IH); 13c NMR (CDCI3) 5 -1.01， 
25.99，121.10，122.09，150.42, 153.75, 186.59; MS m/e 182 (M+，80). Anal. Calcd for 
C9Hi402Si: C, 59.32; H，7.75. Found: C, 59.61; H, 7.43. 
3 - (p ,p-D imethy lacry loy l ) -4 - ( t r imethy Is i l y l ) fu ran (118) and 2-(p，p-
dimethyIacryloyl)-4-(trimethylsiIyl)furan (119). These compounds were prepared from 
the acylation of 105 (212 mg, 1 mmol), with p,p-dimethylacryloyl chloride (142 mg, 1.2 
mmol) in the same manner as that described for 112. Compounds 118 (150 mg, 68%) and 
119 (44 mg, 20%) were obtained as oils. Compound 118: i R NMR (CDCI3) 5 0.12 (s, 
9H’ SiMes), 1.75 (s, 3H, CH3), 2.01 (s, 3H, CH3), 6.24 (d, IH, J = 0.8 Hz), 7.09 (s, IH), 
7.85 (s, IH); 13c NMR ( C D C I 3 ) 5 -0.82，20.81, 27.39’ 119.15，122.08, 133.18, 147.69， 
149.37，154.18，185.72; MS m/e 222 (M+，10). Anal. Calcd for Ci2Hi802Si: C, 64.83; H, 
8.16. Found: C, 64.43; H, 8.11. Compound 119: ^H NMR ( C D C I 3 ) 5 0.25 (s, 9H，SiMes), 
2.00 (d, 3H, J = 0.9 Hz, CH3), 2.26 (s, 3H, J = 0.9 Hz, CH3), 6.66 (d’ 1 H , / = 1 . 1 Hz), 
7.14 (s, IH), 7.44 (s, IH); 13C NMR ( C D C I 3 ) 6 -0.87，21.10, 27.98，120.22, 121.96’ 
t 
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149.90, 155.31, 157.40，179.39; MS mie 222 (M+，5). Anal. Calcd for CiaHisOzSi: C, 
64.83; H, 8.16. Found: C, 64.75; H, 7.71. 
4-Iodo-3-(trimethylsilyl)furan (120): A solution of furan 105 (212 mg, 1 mmol) 
in dry THF (30 ml) under nitrogen was cooled in a dry ice-acetone bath to -78 °C. Silver 
trifluoroacetate (440 mg, 2 mmol) was added and the mixture was stirred for 5 min to 
ensure complete dissolution. Then iodine (508 mg, 2 mmol) in dry THF (10 ml) was 
added drop wise and the reaction mixture was stirred at -78 °C for 4 h. The product 120 
was obtained by diluting with Et20 (20 mL)，and filtering through celite. The filtering 
cake was washed with Et20. The filtrates were washed with 50% sodium thiosulfate 
(2x20 mL), dried with MgS04, and was concentrated under reduced pressure. The 
residue was purified by chromatography on silica gel (hexanes) to give 120 (213 mg, 
80%) as an oil. m NMR (CDCI3) 5 0.30 (s, 9H, SiMes), 7.22 (d, IH, J = 1.5 Hz), 7.49 (d, 
IH, J = 1.5 Hz). MS m/e 266 (M+, 36). Accurate mass calcd for C7H11OI 265.9626, 
found 265.9621. 
General procedure for palladium-catalyzed (Heck-type) cross-coupling of 4-
iodo-3-(trimethyIsilyl)furan (120) with terminal alkenes. (a) 4-(frfl«5-2-Cyanovinyl)-
3-(trimethyIsilyI)furan (121a): A mixture of 120 (133 mg, 0.5 mmol), acrylonitrile (32 
mg, 0.6 mmol) and Pd(OAc)2-PPh3 (1:2, 19 mg, 0.025 mmol) in triethylamine (10 mL) 
was heated under reflux until the starting material disappeared (ca. 28 h). After removal 
of the solvent, the residue was purified by chromatography on silica gel (20 g, hexanes) 
to give 121a (74 mg, 78%) as an oil. iR NMR ( C D C I 3 ) 6 0.25 (s, 9H, SiMes), 5.31 (d, 
IH, / = 11.8 Hz), 6.99 (d, IH, / = 11.8 Hz), 7.30 (d, IH, 7=1 .3 Hz), 8.42 (s, IH); i^C 
NMR (CDCI3) 5 -0.52, 94.37, 117.75，119.61，124.08, 140.94，144.89，149.34; MS m/e 
191 (M+，11). Anal. Calcd for CioHisONSi: C, 62.78; H, 6.85; N, 7.32. Found: C, 62.22; 
H, 6.74; N，7.12. 
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(b) 4-(/ra/is-2-Acetylvinyl)-3-(trimethyIsilyl)furan (121b): This was prepared 
from 120 (133 mg，0.5 mmol) and methyl vinyl ketone (41 mg, 0.7 mmol) in the same 
manner as that described for 121a, yielding 121b (64 mg, 62%) as an oil. i H NMR 
(CDCI3) 5 0.25 (s, 9H, SiMes), 2.32 (s, 3H, CH3), 6.48 (d, IH, J = 16.3 Hz), 7.31 (d, IH, 
J = 1.40 Hz), 7.41 (d’ IH, J = 16.3 Hz), 7.8 (s, IH); 13c NMR (CDCI3) 6 -0.43，27.22, 
126.08’ 128.25, 127.70, 134.98’ 143.97, 149.57，197.50; MS mie 208 (M+, 15). Anal. 
Calcd for CnHieOiSi : C, 63.42; H, 7.74. Found: C, 63.37; H, 7.94. 
(c) 4-(/rans-2-EthoxycarbonyIvinyl)-3-(trimethyIsilyl)furan (121c): This was 
prepared from 120 (133 mg, 0.5 mmol) and ethyl acrylate (70 mg, 0.7 mmol) in the same 
manner as that described for 121a, yielding 121c (90 mg, 76%) as an oil. ^H NMR 
(CDCI3) 5 0.22 (s, 9H，SiMes), 1.24 (t, 3H, J = 7.2 Hz), 4.16 (q, 2H, J = 7.2 Hz), 6.11 (d, 
IH, J = 16.2 Hz), 7.22 (d, IH, J = 1.5 Hz), 7.50 (d, IH, J = 16.2 Hz), 7.70 (s, IH); 13C 
NMR (CDCI3) 6 -0.53, 14.22, 60.24 118.60 125.96，128.0, 136.22, 143.66, 149.34, 
166.81; MS m/e 238 (M+, 11). Anal. Calcd for CisHigOsSi: C, 60.47; H, 7.61. Found: C, 
60.14; H, 7.43. 
(d) 4-( l-HydroxymethyIvinyl)-3-(tr imethylsi ly l) furan (122a): This was 
prepared from 120 (266 mg, 1 mmol) and allyl alcohol (69 mg, 1.2 mmol) in the same 
manner as that described for 121a, yielding 122a (137 mg, 70%) as an oil. ^H NMR 
(CDCI3) 6 0.24 (s, 9H，SiMes), 1.65-1.75 (s，IH, OH), 4.30 (s, 2H), 5.25 (s, IH), 5.33 (d， 
IH, / = 1.4 Hz), 7.26 (d，IH, / = 1.4 Hz), 7.50 (d, IH, 7=1 .4 Hz); 13c NMR (CDCI3) 6 -
0.16，66.22, 113.17，118.17, 127.85，140.70, 141.23，149.01; MS m/e 196 (M+, 7). Anal 
Calcd. CioHi602Si: C, 61.18; H, 8.21. Found: C, 61.17; H, 8.37. 
(e) 4-(l-PhenyIvinyl)-3-(trimethyIsiIyI)furan (122b): This was prepared from 
120 (133 mg, 0.5 mmol) and styrene (73 mg, 0.7 mmol) in the same manner as that 
described for 121a，yielding 122b (79 mg, 65%) as an oil. iR NMR (CDCI3) 5 0.06 (s, 
- 125 -
9H，SiMes), 5.27 (d，IH, J = 1.7 Hz), 5.50 (d, IH, J = 1.8 Hz), 7.27-7.34 (m, 6H), 7.45 
(d, IH, J = 1.5 Hz); 13c NMR (CDCI3) 5 -0.60，114.96，119.35, 127.55, 127.85, 128.19， 
128.78’ 130.60，141.57 142.23, 148.73; MS m/e 242 (M+, 38). Anal. Calcd for 
CisHigOSi: C, 74.33; H, 7.49. Found: C，74.35; H, 7.18. 
(f) 4-[l-(p-TolyI)vinyl]-3-(trimethylsnyl)furan (122c): This was prepared from 
120 (133 mg, 0.5 mmol) and 4-methylstyrene (79 mg, 0.7 mmol) in the same manner as 
that described for 121a, yielding 122c (78 mg, 61%) as an oil. i R NMR (CDCI3) 5 0.05 
(s, 9H, SiMes), 2.41 (s, 3H, CH3), 5.29 (d, l H , / = 1.7 Hz), 5.55 (d，IH, J = 1.8 Hz), 7.18 
(d, 2H, / = 8.1 Hz), 7.31 (d, 2H, / = 8.1 Hz), 7.38 (d, IH, J =1.5 Hz), 7.51 (d, IH, 7=1 .6 
Hz); 13c NMR (CDCI3) 5 -0.52，21.10, 114.20, 119.44，127.44，128.89，130.76，137.67， 
141.63，142.23, 148.66; MS m/e 256 (M+, 40). Anal. Calcd for Ci6H2oOSi: C，74.95; H, 
7.86. Found: C, 74.75; H, 7.65. 
2,3-Bis(/rans-2-ethoxycarbonyIvinyI)-4-(trimethyIsnyI)furan (125): A mixture 
of 120 (133 mg, 0.5 mmol), ethyl acrylate (175 mg, 1.7 mmol) and Pd(OAc)2-PPh3 (1:2， 
57 mg, 0.075 mmol) in triethylaniine (10 mL) was heated under reflux until the starting 
material 4-iodo-3-(trimethylsilyl)furan (120) disappeared (ca. 48 h). After removal of the 
solvent, the residue was purified by chromatography on silica gel (20 g, hexanes) to give 
125 (117.4 mg, 52%) as an oil. i R NMR (CDCI3) 5 0.31 (s, 9H, SiMes), 1.34 (t, 3H, J = 
7.2 Hz, CH3), 1.35 (t, 3H, J = 7.2 Hz, CH3), 4.27 (q, 2H, J = 7.2 Hz, CH2), 4.28 (q, 2H，J 
=7.2 Hz, CH2), 6.20 (d, IH, / = 16 Hz), 6.43 (d, IH, J = 15.6 Hz), 7.32 (s, IH), 7.63 (d, 
IH , J = 15.6 Hz), 7.70 (d, IH, J = 16 Hz); NMR (CDCI3) 5 -0.69，14.21, 60.51， 
118.46’ 120.97, 122.20, 128.00, 128.34，134.94, 150.05，151.17，166.21, 166.57; MS m/e 
336 (M+，43). Anal. Calcd for CnHigOsSi: C, 60.69; H, 7.19. Found: C, 60.85; H，6.90. 
3-(triiTiethyIsilyI)-5,6-bis(ethoxycarbonyI)benzo[2,3-Mfuran (126): A mixture 
of 2,3-bis(rrfl/25-2-ethoxycarbonylvinyl)-4-(trimethylsilyl)furan (125) (90 mg, 0.26 mmol) 
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and sulfur powder (13 mg, 0.4 mmol) was refluxed in xylene (8 mL) for 50 h. The 
solvent was removed in vacuo, and the residue was chromatographed on silica gel (20 g, 
hexanes/Et20,7/1) to afford 126 (52 mg, 60%) as an oil. iR NMR (CDCI3) 5 0.35 (s, 9H, 
SiMes), 1.33 (t, 2x3H, J = 7.2 Hz, 2 X C H 3 ) , 4.36 (q, 2H, J = 7.2 Hz, C H 2 ) , 4.37 (q, 2H, J 
=7.2 Hz, CH2), 7.59 (s, IH), 7.87 (s, IH), 7.91 (s, IH); MS m/e 334 (M+，43). Anal. 
Calcd for CnHasOsSi: C, 61.05; H, 6.63. Found: C, 60.98; H, 6.59. 
General procedure for palladium-catalyzed cross-coupling of 4-io(lo-3-
(trimethylsilyl)furan (120) or other iodofurans with terminal alkynes. (a) 3-
(TrimethylsiIyI)-4-(trimethylsilylethynyI)furan (127a): To a mixture of 120 (133 mg, 
0.5 mmol), (trimethylsilyl)acetylene (78 mg, 0.8 mmol), and diethylamine (10 ml) were 
added PdCl2(PPh3)2 (35 mg, 0.05 mmol) and copper(I) iodide (57 mg, 0.3 mmol). The 
reaction mixture was stirred at room temperature for 24 h under nitrogen. The solvent 
was removed under reduced pressure and the residue was purified by chromatography on 
silica gel (30 g, hexanes) to give 127a63b (102 mg, 87 %) as an oil. iR NMR (CDCI3) 5 
0.22 (s, 9H，SiMes), 0.27 (s, 9H, SiMes), 7.19 (d, IH, J = 2.1 Hz), 7.65 (d, IH, J = 1.4 
Hz); 13c NMR (CDCI3) 5-1.23, -0.16, 97.29’ 97.75, 111.37，121.47，146.83, 147.21; MS 
m/e 236 (M+，33). • 
(b) 4-[(d5-Methoxyvinyl)ethynyI]-3-(trimethylsiIyl)furan (127b): This was 
prepared from 120 (133 mg, 0.5 mmol) and cis-1 -methoxy-1 -buten-3-yne (66 mg, 0.8 
mmol) in the same manner as that described for 127a, yielding 127b (89 mg, 81%) as an 
oil. IH NMR (CDCI3) 6 0.28 (s, 9H, SiMes), 3.77 (s, 3H, OCH3) 4.69 (d, IH, J = 6.4 
Hz), 6.29 (d, IH, J = 6.4 Hz), 7.21 (d, IH, J = 1.4 Hz), 7.65 (d, IH, J = 1.4 Hz); l ^c 
NMR (CDCI3) 5 -1.26 60.29，84.82, 85.81, 86.59，111.87’ 121.21, 145.56, 147.22, 
155.76; MS m/e 220 (M+, 20). Anal. Calcd for Ci2Hi602Si: C, 65.41; H, 7.32. Found: C, 
65.91; H, 7.77. 
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(c) 4-(cw-5-Hydroxy-3-methyl-l-pentenyl)-3-(trimethylsilyI)furan (127c): This 
was prepared from 120 (133 mg, 0.5 mmol) and cw-3-methyl-2-penten-4-yn-1 -ol (67 mg, 
0.7 mmol) in the same manner as that described for 127a, yielding 127c (82 mg, 70%) as 
an oil. IH NMR (CDCI3) 5 0.32 (s, 9H, SiMes), 1.85 (br s, IH, OH), 2.00 (d, 3H, J =13 
Hz, CH3), 4.11 (d, 2 H , / = 6.7 Hz, OCH2), 5.92 (m, IH), 7.29 (d， lH , /= 1.5 Hz), 7.31 
(d, IH, / = 1.4 Hz); 13C NMR (CDCI3) 5 -1.16’ 23.04’ 61.41, 84.94，89.90，111.99’ 
120.89，134.93,146.31，147.52; MS m/e 234 (M+，18). Anal. Calcd for CuHigOsSi: C, 
66.62; H, 7.74. Found: C，67.05; H, 7.94. 
(d) 4-(/rflns-5-Hydroxy-3-niethyl-l-pentenyI)-3-(trimethy!siIyI)furan (127d): 
This was prepared from 120 (133 mg, 0.5 mmol) and frfl«5-3-methyl-2-penten-4-yn-1 -ol 
(67 mg, 0.7 mmol) in the same manner as that described for 127a, yielding 127d (76 mg, 
65%) as an oil. iR NMR (CDCI3) 5 0.34 (s，9H, SiMes), 1.96 (d, 3H, J = 0.7 Hz, CH3), 
4.32 (d, 2H, J = 6.5 Hz, OCH2), 6.07 (m, IH), 7.29 (d，IH, J = 1.5 Hz), 7.31 (d, IH, J = 
1.4 Hz); 13c NMR (CDCI3) 5 -1.19，17.31，59.08，80.17, 93.96, 111.15, 121.02，134.64， 
146.07，147.36; MS m/e 234 (M+, 20). Anal. Calcd for CisHigOzSi: C，66.62; H, 7.74. 
Found: C, 66.52; H, 7.95. 
1 
(e) 4-(4-Hydroxybutynyl)-3-(tr imethylsi lyl)furan (127e): This was prepared 
from 120 (133 mg, 0.5 mmol) and 3-butyn-l-ol (49 mg, 0.7 mmol) in the same manner as 
that described for 127a, yielding 127e (81 mg, 78%) as an oil. i R NMR (CDCI3) 5 0.37 
(s, 9H, SiMe3), 2.35 (br s, IH, OH), 2.75 (t，2H, J = 6.4 Hz), 3.88 (m, 2H, OCH2), 7.31 
(d，IH, J = 1.3 Hz), 7.71 (d，IH, J = 1.1 Hz); 13c NMR (CDCI3) 5 -1.17, 23.83，61.1.8， 
74.65，88.79，111.11，121.05，146.08，147.25; MS m/e 208 (M+，23). Anal. Calcd for 
Ci iHi602Si : C, 63.42; H, 7.74. Found: C, 63.10; H，7.57. 
(f) 4-[(±)-3-Hydroxy-l-butynyl]-3-(tr imethylsi ly l) furan (127f)： This was 
prepared from 120 (133 mg, 0.5 mmol) and (±)-3-butyn-2-ol (49 mg, 0.7 mmol) in the 
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same manner as that described for 127a, yielding 127f (81 mg, 78%) as an oil. IH NMR 
(CDCI3) 5 0.34 (s, 9H, SiMes), 1.60 (d, 3H, J = 6.6 Hz, CH3), 2.11 (br s, IH, OH), 4.79 
(m, IH), 7.29 (d, IH, J = 1.2 Hz), 7.70 (d, IH, J = 1.4 Hz); 13C NMR (CDCI3) 5 -1.15, 
24.33, 58.88，77.65, 93.64，110.19，121.07,146.15，147.37; MS mIe 208 (M+，24). Anal. 
Calcd for CiiHi602Si: C, 63.42; H, 7.74. Found: C, 63.01; H, 7.38. 
(g) 4-[(l-HydroxycycIopentyI)ethynyl]-3-(trimethylsiIyi)furan (127g): This 
was prepared from 120 (133 mg, 0.5 mmol) and 1 -ethynylcyclopentanol (74 mg, 0.7 
mmol) in the same manner as that described for 127a, yielding 127g (81 mg, 65 %) as an 
oil. IR NMR (CDCI3) 5 0.35 (s, 9H, SiMes), 1.84-1.96 (m � 4H � 2xCH2) ’ .01-2.20 (m, 
4 H , 2XCH2), 7 . 2 9 (d, I H , J= 1 . 5 Hz), 7 . 7 0 (d, I H , J = 1 . 5 Hz); 1 3 C N M R (CDCI3) 5 -
1.16，23.46, 23.57，42.41，42.53，75.68, 95.57，110.76，121.05，123.20, 146.19，147.30; 
MS mIe 248 (M+’ 17). Anal. Calcd for Ci4H2o02Si: C, 67.70; H, 8.12. Found: C, 67.77; 
H, 8.00. 
(h) 4-[3-(BenzyImethyIaniino)propyn-l-yl]-3-(trimethylsiIyl)furan (127h): 
This was prepared from 120 (133 mg, 0.5 mmol) andA^-benzyl-iV-methyl-propargylamine 
(111 mg, 0.7 mmol) in the same manner as that described for 127a, yielding 127h (107 
mg, 72%) as an oil. i H NMR (CDCI3): 5 0.37 (s, 9H, SiMes), 2.45 (s, 3H, CH3), 3.58 (s, 
2H, CH2), 3.69 (s, 2H, CH2), 7.29-7.41 (m，6H), 7.73 (d, IH, / = 1.1 Hz); 13c NMR 
(CDCI3) 5 -1.02 41.92，46.07，60.34，77.73, 87.20，111.06’ 120.99, 127.16，128.30， 
129.14，136.74’ 146.63，147.35; MS m/e: 297 (M+, 43). Anal. Calcd for Ci8H230NSi: C, 
72.68; H, 7.79; N, 4.71. Found: C, 72.73; H, 7.84; N, 4.68. 
(i) 4-[0!?-Nitrobenzyl)-3-nonyn-l-yl]furan (152b): This was prepared from 3-
iodo-4-(p-nitrobenzyl)furan (150b) ( 1 6 5 mg, 0.5 mmol) and 1-nonyne (100 mg, 
O.Smmol) in the same manner as that described for 127a, yielding 152b (113 mg, 70%) as 
an oil. I H NMR (CDCI3) 5 0.88 (t, 3H, J = 7.2 Hz, CH3), 1.26-1.36 (m, 8H, 4XCH2), 
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1.46-1.52 (m，2H, CH2), 2.31 (t, 2H, J = 7.0 Hz, CH2), 3.89 (s, 2H, CH2), 7.15 (d, IH, / 
=0.8 Hz), 7.39 (d，2H, J = 8.6 Hz), 7.52 (d, IH, / = 1.5 Hz), 8.15 (d, 2H, J = 8.6 Hz); 13C 
NMR (CDCI3) 5 13.92, 19.40，22.56, 28.69, 28.80，29.92, 31.69, 70.06’ 94.85，109.61, 
123.54, 124.44, 129.39, 139.98, 145.37, 146.73’ 147.55; MS mle 325 (M+，72). Anal. 
Calcd for C20H23O3N: C, 73.82: H, 7.12; N, 4.30. Found: C, 74.08; H, 6.68; N，4.08. 
(i) 3-(l-CyclohexenyIethynyl)-4-(/7-methoxycarbonylbenzyl)furan (152c): This 
was prepared from 3-iodo-4-(/?-methoxycarbonylbenzyl)furan (150c) (171 mg, 0.5 mmol) 
and 1 -ethynylcyclohexene (85 mg, 0.8 mmol) in the same manner as that described for 
127a, yielding 152c (120 mg, 72%) as an oil. I H NMR (CDCI3) 5 1.45-1.69 (m，4H, 
2XCH2), 2 . 0 5 - 2 . 1 8 (m, 4H，2xCH2)，3.81 (s, 2 H , CH2), 3 . 8 7 (s, 3 H , CH3), 6 . 0 6 (br s, 
IH,), 7.08 (s, IH), 7.31 (d, 2H, / = 8.1 Hz), 7.51 (s, IH), 7.94 (d, 2H, J = 8.0 Hz); 13C 
NMR (CDCI3) 5 21.51，22.31, 25.69’ 29.16, 30.16, 51.86，95.44，109.52, 120.70,125.25, 
128.32, 128.73, 129.72，134.75, 140.00，145.17, 167.02; MS m/e 320 (M+, 100). Anal. 
Calcd for C21H20O3: C, 78.73; H, 6.29. Found: C, 78.50; H, 6.65. 
General procedure for the palladium-catalyzed (Suzuki-type) cross-coupling 
of boronic acid w i th 4- iodo-3-( t r imethyls i ly l ) furan (120). (a) 4-PhenyI-3-
(tri inethylsi lyl)furan (128a): To a stirred solution containing 120 (266 mg, 1.0 mmol), 
phenylboronic acid (122 mg, 1.0 mmol) and tetrakis(triphenylphosphine)palladium(0) (58 
mg, 0.05 mmol) in methanol-toluene (1:1, 30 ml) was added a 2 M Na2C03 solution (4 
ml). The reaction mixture was heated at reflux for 4 h, and was then poured into ice-water 
(50 ml). The resulting mixture was extracted with Et20 (3x50 ml). The combined ether 
extracts were dried with MgSCU，and the solvent was removed. The residue was purified 
by chromatography on silica gel (40 g, hexanes) to give 128a (205 mg, 95%) as an oil. ^H 
NMR (CDCI3) 5 0.19 (s, 9H, SiMea), 7.36-7.41 (m, 6H), 7.56 (d, IH, J = 1.6 Hz); 13c 
NMR (CDCI3) 5-0.09，119.18，127.06，128.15, 128.84，131.20, 134.51，140.11，148.76; 
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MS mIe 216 (M+, 55). Anal. Calcd for CnHieOSi: C, 72.17; H, 7.45. Found: C, 72.55; 
H, 7.74. 
(b) 4-(/7-ToIyl)-3-(tri i i iethyisiIyl)furan (128b): This was prepared from p-
tolylboronic acid (136 mg, 1.0 mmol) and 120 (266 mg, 1.0 mmol) in a similar manner as 
that described for 128a, giving 128b (214 mg, 93%) as colorless needles, mp 42.5-43 °C. 
IH NMR (CDCI3) 6 0.18 (s, 9H, SiMes), 2.40 (s, 3H, CH3), 7.19 (d，2H, J = 8.0 Hz), 
7.29 (d, 2H, J = 8.1 Hz) 7.38 (d, IH, J = 1.4 Hz), 7.52 (d，IH, J = 1.6 Hz); 13c NMR 
(CDCI3) 6-0.05,21.11, 119.22, 128.74’ 128 .88 , 131.11’ 131.32, 136.69, 140.02，148.69; 
MS m/e 230 (M+，65). Anal. Calcd for CuHigOSi: C, 72.99; H, 7.88. Found: C, 72.79; 
H, 7.99. 
(c) 4-(2,5-DiinethoxyphenyI)-3-(trimethylsilyl)furan (128c): This was prepared 
from 2,5-dimethoxyphenylboronic acid (182 mg, 1 mmol) and 120 (266 mg, 1 mmol) in a 
similar manner as that described for 128a, giving 128c (257 mg, 93%) as an oil. ^H NMR 
(CDCI3) 5 0.14 (s, 9H, SiMes), 3.78 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 6.87-6.88 (m, 
3H), 7.42 (d, IH, / = 1.5 Hz), 7.57 (s, IH); 13c NMR (CDCI3) 6 -0.40，55.65, 55.82, 
113.25, 114.70，117.65，119.86, 124.31, 126.13, 141.15，148.07，151.60, 153.28; MS m/e 
I 
276 (M+’ 80). Anal. Calcd for QsHsoOsSi: C, 65.18; H, 7.29. Found: C, 64.93; H, 7.27. 
4-(/?-Methoxycarbonylbenzyl)-3-(trimethylsiIyl)furan (129): To a solution of 
120 (133 mg, 0.5 mmol) in dry THF (5 ml) were successively added Pd(PPh3)4 ( 29 mg, 
0.25 mmol) and a solution of bis[4-(p-methoxycarbonyl)benzyl]zinc bromide, which had 
been prepared by heating a mixture of 4-methoxycarbonylbenzyl bromide(183 mg, 0.8 
mmol) and Zn-Cu (192 mg, 1.5 mmol) in THF (10 mL)-DMA (130 mg, 1.5 mmol) at 80 
°C for 3 h under nitrogen. The reaction mixture was stirred under reflux for 2 h. After 
successive dilution with Et20 (30 ml), washing with aqueous NaHCOs (3 M, 5 mL), 
drying with MgSC^，and evaporation of the solvents, the residue was purified by column 
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chromatography on silica gel (20 g, hexanes/Et20, 1/7) to provide 129 (46 mg, 32%) as 
an oil. IH NMR (CDCI3) 5 0.11 (s, 9H, SiMes), 3.86 (s, 2H, CH2), 3.91 (s, 3H, OCH3), 
7.14 ( d � I H , / = 1.1 Hz) , 7.26 (d, 2 H �J = 8.7 Hz) , 7.30 (d, I H , J = 1.4 Hz) , 7.97 (d, 2H, J 
=8 .3 Hz); 13c NMR (CDCI3) 5 -0.67，31.87, 51.75, 119.08，126.89, 128.36, 128.66， 
129.67’ 141.32, 145.69, 148.76, 166.86; MS mIe 288 (M+，32). Anal. Calcd for 
Ci6H2o03Si: C, 66.63; H, 6.99. Found: C, 66.24; H, 7.16. 
General procedure for the palladium-catalyzed cross-coupling of 4-iodo-3-
( t r i m e t h y l s i l y l ) f u r a n (120) w i t h G r i g n a r d reagents, (a) 4-(n-ButyI)-3-
(tr imethylsi lyl)furan (130a): NiCl2(PPh3)2 (17 mg, 0.025 mmol) was added to a 
solution of 120 (133 mg, 0.5 mmol) in dry THF (20 mL). «-Butylmagnesium chloride 
(2.0 M solution in THF, 0.4 ml, 0.8 mmol) was added to this mixture. The reaction 
mixture became clear and then magnesium salt were deposited at 80 °C after 3 h. 
Filtration of the reaction mixture was followed by evaporation of the filtrate. The residue 
was extracted with hexanes to remove insoluble material. Evaporation of the hexanes 
gave the product that was purified by column chromatography on silica gel (20 g, 
hexanes) to give 130a (80 mg, 82%) as an oil. i R NMR (CDCI3) 5 0.09 (s，9H, SiMes), 
0.79 (t, 3H, J = 7.2 Hz, CH3)，1.23 (m, 2H, CH2), 1.42 (m, 2H, CH2 )，1.49 (m, 2H, 
CH2), 7.09 (s, 2H) 13c NMR (CDCI3) 5 -0.37, 13.66，22.62, 25.60，32.16, 119.17， 
129.28，139.52，148.05. Accurate mass calcd for CiiH2oOSi: 196.3669, found: 196.3648. 
(b) 4-(p-Nitrobenzyl)-3-(trimethylsilyI)furan (130b): This was prepared from p-
nitrobenzyl magnesium bromide (192 mg, O.Smmol) and 120 (133 mg, 0.5 mmol) in the 
same manner that described for 130a, to give 130b (93 mg, 68%) as pale-yellow needles, 
m.p. 72-73 iR NMR ( C D C I 3 ) 50.11 (s, 9H, SiMes), 3.93 (s, 2H, C H 2 ) , 7.18 (d, IH, J 
=1.1 Hz), 7.31 (d，IH, J = 1.3 Hz), 7.38 (d, 2H, J = 8.7 Hz), 8.11 (d，2H, J = 8.7 Hz); l ^ c 
NMR (CDCI3) 5 -0.81，31.52, 118.90, 123.22, 123.35, 126.02, 129.29’ 129.58, 141.34， 
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146.58，148.05, 148.88; MS mIe 275 (M+, 32). Anal. Calcd for CuHnOsNSi: C, 61.06; 
H, 6.22; N�5.09. Found: C, 61.04; H, 6.16; N, 5.00. 
Genera l p rocedure fo r preparat ion of boroxines. (a) Tr is [4-
(triiTiethyIsiIyI)furan-3-yl]boroxine (144) To a solution of 3,4-bis(trimethylsilyl)furan 
(105) (636 mg, 3 mmol) in CH2CI2 ( 5 0 mL) was added a solution of BCI3 (1.0 M) in 
C H 2 C I 2 (5 mL) under a nitrogen atmosphere at -78 °C. After stirring at -78 °C for 6 h, 
The reaction was quenched with 2 M Na2C03 solution (5 mL) and the mixture was 
extracted with diethyl ether (3x50 mL). The organic layer was dried (MgS04)，and the 
solvent was evaporated. The crude product was chromatographed on silica gel (90 g, 
hexanes/diethyl ether, 1:1) to give 144 (498 mg, 100%) as colorless needles, mp 167-168 
°C; I R N M R ( CDC I 3 )5 0.38 (s, 27H, 3xSiMe3)’7.43 (d, 3 H � / = 1 Hz), 8.17 ( d � 3 H , / = 1 
Hz); 13c NMR (CDCI3) 5 -0.48，117.03, 122.10, 148.97’ 156.54; MS mIe 498 (M+，13). 
Anal. Calcd for CziHssOsBgSis: C, 50.63; H, 6.68. Found: C, 50.41; H, 6.61. 
(b) Tris[4-(phenyI)furan-3-yl]boroxine (146a). This was prepared from 128a 
(648 mg, 3 mmol) and a solution of BCI3 (1.0 M) in CH2CI2 (5 mL) to give 146a (367 
mg, 72%) as a pale-yellow microcrystalline solid, mp 134-135。C. IH NMR (CDCI3) 5 
1 
7.40-7.42 (m, 12H), 7.50-7.54 (m，9H); 13C NMR (CDCI3) 5 127.85, 127.99, 128.37， 
128.77，129.08，129.19, 133.19，140.73, 156.27; MS mIe 510 (M+，100). Anal. Calcd for 
C30H21O6B3: C, 70.66; H, 4.15. Found: C�70.29; H, 3.85. 
(c) Tris[4-(/?-ToIyl)furaii-3-yl]boroxine (146b) was prepared from 128b (690 
mg, 3 mmol) and a solution of BCI3 (1.0 M) in CH2CI2 (5 ml) to give 146b (369 mg, 
67%) as a pale-yellow microcrystalline solid, mp 158-159。C. IH NMR (CDCI3) 5 2.61 
(s, 9 H , 3XCH3)，7.39 (d, 6H , J = 7.8 Hz), 7 . 6 1 (d, 6H , / = 8.1 Hz), 7 . 6 9 (d, 3H , J= 1 .6 
Hz), 7.72 (d, 3H, / = 1.5 Hz); 13C NMR (CDCI3) 6 21.12’ 113.20, 128.28, 128.67， 
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128.90，129.90，130.18, 130.40, 136.90, 140.52，156.31; MS mie 552 (M+, 100). Anal. 
Calcd for C33H27O6B3: C, 71.71; H, 4.93. Found: C, 71.46; H, 4.91. 
(d) Tris(4-n-butyl)furan-3-yl]boroxine (146c): This was prepared from 130a 
(672 mg, 3 mmol) and a solution of B C I 3 (1.0 M) in C H 2 C I 2 (5 mL) to give 146c (333 
mg, 74%) as a semisolid. I H NMR ( C D C I 3 ) 5 0.95 (t, 9H, J = 13 Hz, SxCHs), 1.41 ( m � 
6H , 3XCH2 ) , 1.63 (m, 6H , 3XCH2)，2.71 (t, 6H , J = 7 .3 Hz, 3XCH2) , 7 . 2 9 (d, 3H , J = 1.5 
Hz), 7.92 (d, 3H, J = 1.5 Hz); 13C NMR ( C D C I 3 ) 5 13.94，22.50, 24.78，32.27, 114.36， 
129.28，140.36, 154.82; MS m/e 450 (M+，10). Anal. Calcd for C24H33O6B3: C, 64.07; 
H, 7.39. Found: C, 64.13; H, 7.19. 
(e) Tris{4-[0"(p-tolyl)plienyl]furan-3-yl]boroxine (146(1) This was prepared 
from 145c (918 mg, 3 mmol) and a solution of BCI3 (1.0 M) in CH2CI2 (5 mL) to give 
146d (452 mg, 58%) as a semisolid, iR NMR (CDCI3) 5 2.25, 2.29 (s, 9H, SxCHg), 6.95-
7.06 (m, 15H), 7.10 (d, 3H, J = 1.5 Hz), 7.31-7.39 (m’ 12H); 13c NMR (CDCI3) 5 20.99, 
126.47, 127.41，128.35，128.67, 129.59, 129.81，130.82，131.25, 131.72, 136.09，138.73, 
141.11，141.36, 141.72, 154.01; MS m/e 780 (M+，5). Anal. Calcd for C51H39O6B3： C, 
78.50; H, 5.04. Found: C, 79.18; H, 5.38. 
1 
(f) Tris[4-(naphth-l-yl) furan-3-yl]boroxine (146e) This was prepared from 
145b (399 mg, 1.5 mmol) and a solution of B C I 3 (1.0 M) in C H 2 C I 2 (3 mL) to give 146(1 
(185 mg, 56%) as a semisolid. i H NMR ( C D C I 3 ) 5 7.31-7.54 (m, 18H), 7.89-7.96 (m, 
9H); 13c NMR ( C D C I 3 ) 5 125.12, 125.48, 125.64, 125.77’ 126.48，126.78, 127.63， 
127.75, 127.96，128.46，128.76, 131.43, 133.20, 133.48, 141.34’ 154.72; MS m/e 660 
(M+, 50). Anal. Calcd for C42H27O6B3: C, 76.34; H, 4.12. Found: C, 75.68; H, 4.12. 
(g) Tris[4-(p-nitrobenzyl)furan-3-yI]boroxine (146f)： This was prepared from 
130b (825 mg, 3 mmol) and a solution of B C I 3 ( 1 . 0 M) in C H 2 C I 2 (5 mL) to give 146f 
(522 mg, 76%) as a pale-yellow microcrystalline solids, mp 135-136 °C. I H NMR 
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(CDCLS) 5 4 . 1 1 (s, 6 H � 3 X C H 2 ) , 7 . 1 6 (s, 3H ) , 7 . 3 4 (d, 6H , J = 8.6Hz), 7 . 8 3 (s, 3H ) , 8 .08 
(d’6H，/ = 8.3 Hz); 13C NMR ( CDC I 3 ) 5 30.80, 113.85, 123.45, 123.61，126.11，129.11, 
129.33，141.98，146.80, 148.17，155.19. MS mie 687 (M+，19). Anal. Calcd for 
C33H24O12B3N3： C, 57.63; H, 3.52; N, 6.12. Found: C, 57.31; H, 3.20, N � 6 . 0 5 . 
(h) Tris[4-(p-methoxycarbonylbenzyl)-3-furyl]boroxine (146g): This was 
prepared from 129 (864 mg, 3 mmol) and a solution of BC I 3 (1.0 M) in CH2CI2 (5 mL) to 
give 146g (515 mg, 71%) as a white microcrystalline solid, mp 101-102 °C. I H NMR 
(CDCI3) 5 3.90 (s, 9H, 3XCH3), 4.04 (s, 6H, 3xCH2)，7.10(d, 3 H , / = 1.2 Hz), 7.24 (d, 
6H , J = 8.3 Hz), 7.81 (d, 3H, J = 1.5 Hz), 7.93 (d, 6 H �J = 8.3 Hz); 13C NMR ( CDC I 3 ) 5 
31.04，51.86, 126.98, 128.43, 128.60, 129.79, 141.84, 145.88, 155.13，166.97; MS m/e 
695 (M+-OMe, 10). Anal. Calcd for C39H33O12B3 : C, 64.51; H, 4.58. Found: C, 63.91; 
H, 4.60. 
(i) Tris[4-(3',4',5'-triiiiethoxybenzyl)furan-3-yl]boroxine (146h) This was 
prepared from 4-(3',4',5'-trimethoxybenzyl)-3-trimethylsilylfuran (1451) (960 mg, 3 
mmol) and a solution of BC I 3 (1.0 M) in CH2CI2 (5 mL) to give 146h (255 mg, 31%) as a 
semisolid, iR NMR ( CDC I 3 ) 5 3.74 (s, 6H, 3XCH2), 3.81(s, 27H, 9XOCH3)，6.45 (s, 6H), 
f 
7.17(d, 3H, J = 1.2 Hz), 7.13 (d，3H, J = 1.4 Hz); l ^ c NMR ( CDC I 3 ) 5 31.43, 56.08， 
60.73，106.02，127.96,136.03,141.72,153.27,155.04; Anal. Calcd for C42H45O15B3： C, 
61.29; H, 5.52. Found: C, 61.40; H, 5.14. 
(j) Tris(4'-trimethyIsilyI-3,3'-bifuran-4-yl)boroxine (160). This was prepared 
from 155a (834 mg, 3 mmol) and a solution of BC I 3 (1.0 M) in CH2CI2 (6 mL) to give 
160 (556 mg, 80%) as a semisolid. iR NMR ( CDC I 3 ) 5 0.06 (s, 18H, 2xSiMe3)，0.07 (s, 
9H，SiMe3)，7.38 (d, 2H, J = 1.5 Hz), 7.41 (d, 2H, / = 1.6 Hz), 7.42 (d, 2H, J = 1.6 Hz), 
7.43 (d, 2H, / = 1.6 Hz), 7.49 (d, I H , J = 1.5 Hz), 7.52 ( d � 2 H , J = 1.5 Hz), 7.80 (d, I H , J 
=1.5 Hz); 13c NMR ( CDC I 3 ) 5 -0.32, 120.51’ 120.72, 121.37, 141.62, 141.75，141.96， 
r 
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147.69, 149.34, 151.36, 154.89; MS mIe 696 (M+，11). Anal. Calcd for €331139098351: 
C, 56.92; H�5.65. Found: C, 57.09; H, 5.86. 
(k) Tris[4'-(p-tolyl)3,3'-bifuran-4-yl]boroxine (161) This was prepared from 
159b (266，0.9 mmol) and a solution of BCI3 (1.0 M) in CH2CI2 (2 mL) to give 161 (131 
mg, 60%) as a semisolid, iR NMR (CDCI3) 5 2.15 (s, 9H, SxCHg), 6.91 (d, 6H, J = 7.8 
Hz), 6.99 (d, 6H, J = 8.3 Hz), 7.23 (d, 3 H , / = 1.5 Hz), 7.44 (d, 3H, J = 1.7 Hz), 7.48 (d, 
3H, J = 1.8 Hz), 7.56 (d，3H, J = 1.6 Hz); 13c NMR (CDCI3) 5 20.96，116.49，119.43, 
126.68, 127.64，128.18, 129.10，129.42, 129.61，136.72, 139.68，141.49，141.70，154.42. 
Anal. Calcd for C45H33O9B3： C, 74.18; H, 4.56. Found: C, 74.34; H, 4.42.. 
General procedure fo r iod inat ion of boroxines. (a) 4-Iodo-3-
(trimethylsilyl)furan (120). Tris[4-(trimethylsilyl)furan-3-yl]boroxine (144) (249 mg, 
0.5 mmol) was dissolved in dry THF (30 mL) under nitrogen and was cooled in a dry ice-
acetone bath to -78 Silver tetrafluoroborate (330 mg, 1.7 mmol) was added and the 
mixture was stirred for 5 min to ensure complete dissolution. Then iodine (431 mg, 1.7 
mmol) in dry THF (10 mL) was added dropwise and the reaction mixture was stirred at -
78 °C for 4 h. The product 120 was obtained by diluting with Et20 (20 mL), and filtering 
I 
through celite. The filtering cake was washed with Et20. The filtrates were washed with 
50% sodium thiosulfate (2x20 mL), dried over MgS04, and was concentrated under 
reduced pressure. The residue was purified by chromatography on silica gel (hexanes) to 
give 120 (287 mg, 72%) as an oil, iR NMR (CDCI3) 5 0.30 (s, 9H, SiMes), 7.22 (d, IH, J 
=1.5 Hz), 7.49 (d, IH, / = 1.5 Hz); MS m/e 266 (M+，32), The physical and spectrometric 
data of 120 were identical with an authentic sample prepared previously. 
(b) 3-Iodo-4-(7i-butyl)furan (150a). This was prepared from tris[4-(Ai-butyl)furan-
3-yl]boroxine (146c) (90 mg, 0.2 mmol), iodine (152 mg, 0.6 mmol), and silver 
tetrafluoroborate (116 mg, 0.6 mmol) to give 150a (45 mg, 30%) as an oil. ^H NMR 
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(CDCI3) 6 0.82 (t, 3H, J = 7.5 Hz, CH3)，1.28 (m, 2H, CH2), 1.46 (m, 2H, CH2 )，2.35 (m， 
2H, CH2), 7.16 (d, IH, J = 1.7 Hz), 7.38 (d, IH, J = 1.1 Hz). Accurate mass calcd for 
CgHiiOI: 248.9856, found 248.8802. 
(c) 3-Iodo-4-(/7-nitrobenzyl)furan (150b) This was prepared from tris[4-
nitrobenzyl)furan-3-yl]boroxine (146f) (137 mg, 0.2 mmol), iodine (152 mg, 0.6 mmol), 
and silver tetrafluoroborate (116 mg, 0.6 mmol) to give 150b (138 mg, 70%) as pale-
yellow needles; mp 72-73 °C; iR NMR (CDCI3) 5 3.80 (s, 2H, CH2)’ 7.17 (s, IH), 7.36 
(d, 2H, J = 8 .6 Hz), 7.44 (d, IH, 7=1.5 Hz); 8.14 (d, 2H, J = 8.7 Hz); 13c NMR (CDC I3 ) 
5 31.72, 123.76，125.46, 129.59’ 140.71，146.49; MS m/e 329 (M+，100). Anal. Calcd for 
CiiHgOsNI: C, 40.14; H, 2.45; N, 4.25. Found: C, 40.38; H, 2.26; N, 4.17. 
(d) 3-Iodo-4-(p-methoxycarbonylbenzyl)furan (150c) This was prepared from 
tris[4-(p-methoxycarbonylbenzyl)furan-3-yl]boroxine (146g) (145 mg, 0.2 mmol), iodine 
(152 mg, 0.6 mmol), and silver tetrafluoroborate (116 mg, 0.6 mmol) to give 150c (154 
mg, 75%) as white needles; mp 80-81。C; iR NMR (CDCI3) 5 3.65 (s, 2H, CH�)，3.80 (s, 
3H, CH3), 7.01 (d, I H � / = 1.1 Hz), 7.19 (d, 2H, J = 8.2 Hz); 7.34(d, IH, J = 1.6 Hz), 7.88 
(d, 2H, J = 8.3 Hz); 13c NMR (CDCI3) 5 31.87, 51.86，69.88，126.14, 128.56’ 128.77， 
f 
129.79, 140.54，144.22, 146.11，166.85; MS m/e 342 (M+’ 53). Anal. Calcd for 
C13H11O3I: C, 45.64; H, 3.24. Found: C, 45.85; H, 3.00. 
Tris(4-iodofuran-3-yl)boroxine (151): Tris[4-(trimethylsilyl)furan-3-yl]boroxine 
(144) (498 mg, 1 mmol) was dissolved in dry THF (30 mL) under nitrogen and was 
cooled in a dry ice-acetone bath to -78 °C. Silver trifluoroacetate (662 mg, 3 mmol) was 
added and the mixture was stirred for 5 min to ensure complete dissolution. Then iodine 
(762 mg, 3 mmol) in dry THF (10 mL) was added dropwise and the reaction mixture was 
stirred at -78 °C for 4 h. The product 151 was obtained by diluting with Et20 (20 mL), 
and filtering through celite. The filtering cake was washed with ether. The filtrates were 
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washed with 50% sodium thiosulfate (2x20 mL), dried over MgS04, and was 
concentrated under reduced pressure. The residue was purified by chromatography on 
silica gel (hexanes) to give 151 (40 mg, 18%) as an oil, i H NMR (Acetone-dg) 5 7.66 (d, 
3H, J = 1.5 Hz), 7.77 (d, 3 H , / = 1.6 Hz); 13c NMR (Acetone-cy 5 114.18，143.47， 
147.69,152.20. Accurate mass calcd for C12H6O6B3I3 659.7583, found 659.7579. 
General procedure for the palladium-catalyzed cross-coupling of boroxines 
(144 or 146) wi th organohalides. (a) 4-Phenyl-3-(triniethysiIyl)furan (128a). To a 
stirred solution containing bromobenzene (236 mg, 1.5 mmol), tris[4-
(trimethylsilyl)furan-3-yl]boroxine (144) (250 mg, 0.5 mmol) and Pd(PPh3)4 (86 mg, 
0.075 mmol) in MeOH/PhMe (1/1，30 mL) was added a 2 M Na2C03 solution (4 mL). 
The reaction mixture was heated under reflux for 3-4 h, and was then poured into ice-
water (50 mL). The resulting mixture was extracted with Et20 (3x50 mL). The combined 
Et20 extract was dried over MgS04, and the solvent was removed. The residue was 
purified by chromatography on silica gel (40 g�hexanes) to give 128a (314 mg, 97%) as 
an oil; The physical and spectrometric data were identical with an authentic sample 
prepared previously. 
f 
(b) 4 - (p -To Iy l ) -3 - ( t r imethy ls i l y I ) fu ran (128b) was prepared from p-
bromotoluene (257mg, 1.5 mmol) and 144 (250 mg, 0.5 mmol) to give 128b (335 mg, 
97%) as colorless needles, mp 42.5-43 The physical and spectrometric data were 
identical with an authentic sample prepared previously. 
(c) 4-(p-Acetylphenyl)-3-(trimethylsilyl)furan (145a) was prepared from p-
bromoacetophenone (298 mg, 1.5 mmol) and 144 (250 mg, 0.5 mmol) to give 145a (372 
mg, 96%) as colorless needles, mp 79-80。C; iR NMR (CDCI3) 5 0.18 (s, 9H, SiMes), 
2.58 (s, 3H, CH3)，7.39 (s, IH), 7.47 (d, 2H, J = 8.1 Hz), 7.58 (s, IH), 7.97 (d, 2H, J = 
8.1 Hz); 13c NMR (CDCI3) 5 -0.01, 15.97，118.46，128.07, 128.31, 130.00, 135.66, 
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139.14，140.49，149.05, 196.70; MS mle 258 (M+，50). Anal. Calcd for CisHigOiSi: G, 
69.73; H, 7.02. Found: C, 69.81; H�7.15. 
(d) 4-(Naphth-l-yl)-3-(tr imethyIsi Iyl) furan (145b) was prepared from 1-
bromonaphthlene (311 mg, 1.5 mmol) and 144 (250 mg, 0.5 mmol) to give 145b (391mg, 
98%) as a colorless oil, iR NMR (CDCI3) 50.18 (s, 9H, SiMes), 7.51-7.58 (m�4H), 7.61 
(d, IH, / = 1.5 Hz), 7.66 ( d � I H , J = 1.4 Hz), 7.91-7.96 (m, 3H); l^C NMR (CDCI3) 6 -
0.47，121.12，124.92, 125.80, 126.66，127.89，128.02, 132.19, 133.44，133.54，141.26, 
148.14; MS m/e 266 (M+, 87). Anal. Calcd for CnHigOSi: C, 76.64; H, 6.80. Found: C, 
76.88; H, 6.37. 
(e) 4"(4'-Methyl-l,l'-biphen-2-yl)-3-(triiTiethylsilyl)furan (145c) was prepared 
from 2-iodo-4'-methyl-1,1'-biphenyl (441 mg, 1.5 mmol) and 144 (250 mg, 0.5 mmol) to 
give 145c (436 mg, 95%) as a colorless oil, iR NMR (CDCI3) 5 0.24 (s, 9H, SiMes), 2.46 
(s, 3H, CH3), 7.21 (d, IH, / = 1.5 Hz), 7.22 (d, 2H, J = 7.6 Hz), 7.32 (d, 2H, J = 8.2 Hz), 
7.46 (d, IH, J = 1.5 Hz), 7.48-7.58 (m，4H); l ^ c NMR (CDCI3) 5 -0.18，20.95, 119.97， 
126.41，127.57，128.46, 129.12，129.50，130.10，131.57, 132.63, 136.04, 138.61,141.33, 
141.63，147.98; MS m/e 306 (M+, 90). Anal. Calcd for C2oH220Si: C, 78.38; H, 7.24. 
f 
Found: C, 78.59; H, 7.08. 
(f) 4-(Thiophen-2-yl)-3-(trimethylsi!yl)furan (145(1) was prepared from 2-
bromothiophene (245 mg, 1.5 mmol) and 144 (250 mg, 0.5 mmol) to give 145d (320 mg, 
96%) as a pale-yellow oil, i R NMR (CDCI3) 5 0.18 (s, 9H�SiMes), 6.99-6.70 (m, 2H), 
7.19 (m, IH), 7.32 ( d � I H , J = 1.9 Hz), 7.57 (d, IH, J = 1.8 Hz); i ^c NMR (CDCI3) 5 -
0.34，119.61，123.66’ 124.54, 125.94, 135.46, 141.11，147.84’ 148.79; MS m/e 222 (M+ 
38). Anal. Calcd for CnHuOSSi: C, 59.41; H, 6.35. Found: C, 58.97; H, 6.84. 
(g) 4-(/;-Bromoacetylphenyl)-3-(trimethylsilyl)furan (145e) was prepared from 
p-bromo-a-bromoacetylbenzene (396 mg, 1.5 mmol) and 144 (250 mg, 1.5 mmol) to give 
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145e (440 mg, 91%) as pale-yellow needles, mp 76-77。C; ^H NMR (CDCI3) 5 0.06 (s� 
9H�SiMes), 4.40 (s, 2H, CH2), 7.27 (d, IH, / = 1.7 Hz), 7.36 (d, 2H, J = 8.5 Hz), 7.47 (d, 
IH, J = 1.5 Hz), 7.86 (d, 2H, J = 8.5 Hz); i ^c NMR (CDCI3) 5 -0.14，39.25, 118.74， 
128.26, 128.55，129.69，130.20，131.76, 135.87，139.43, 140.64，149.22, 197.16; MS m/e 
336 (M+’ 22), 338 (M++2, 23). Anal. Calcd for CisHnOaBrSi: C, 53.42; H, 5.08. Found: 
C, 53.10; H, 5.47. 
(h) 4,4'-Bis(3-trimethylsiIylfuran-4-yl)-o-terphenyI (145f) was prepared from 
4,4'-dibromo-o-terphenyl (291 mg, 0.75 mmol) and 144 (250 mg, 0.5 mmol) to give 145f 
(349 mg, 92%) as colorless needles, mp 151-152 °C; ^H NMR (CDCI3) 6 1.34, 1.42 (s, 
18H, 2xSiMe3), 8.32-8.66 (m，16H); i^c NMR (CDCI3) 5 0.00，118.98’ 119.19，126.51， 
127.52，127.65, 127.92，128.47，128.58，129.78，130.48, 130.66, 130.90，131.11, 131.51, 
132.73，132.87, 133.75, 139.06, 140.01，140.39，148.72，149.05; MS m/e 506 (M+，100). 
Anal. Calcd for C32H3402Si2： C, 75.84; H, 6.76. Found: C, 76.08; H, 6.55. 
(i) l,4-Bis(4-trimethylsilylfuran-3-yl)benzene (145g) was prepared from 1,4-
dibromobenzene (177 mg, 0.75 mmol) and 144 (250 mg, 0.5 mmol) to give 145g (239 
mg, 90%) as colorless needles, mp 99-99.5。C; i H NMR (CDCI3) 5 0.14 (s, 18H, 
IxSiMes), 7.34-7.35 (m, 6H), 7.55 (d, 2H, J = 1.6 Hz); i ^c NMR (CDCI3) 5 -0.05, 
119.29’ 128.71，130.90, 133.37, 140.13, 148.81; MS m/e 354 (M+，64). Anal. Calcd for 
C20H26O2Si2： C, 67.74; H�7.39. Found: C�67.54; H, 7.54. 
(j) l-Bronio-3,5-bis(4-trimethylsilylfuran-3-yl)benzene (145h) was prepared 
from 1,3,5-tribromobenzene (236 mg, 0.75 mmol) and 144 (250 mg, 0.5 mmol) to give 
145h (194 mg, 60%) as a colorless oil; i R NMR (CDCI3) 5 0.16 (s, 18H, 2xSiMe3), 7.30 
(s, IH), 7.35 (d, 2H, J = 1.4 Hz), 7.47 (d, 2H, / = 1.4 Hz), 7.54 (d, 2H, / == 1.4 Hz); i ^c 
NMR (CDCI3) 50.01, 119.11’ 121.99，127.64，129.85，130.35, 136.53, 140.46’ 149.17; 
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MS mIe 432 (M+，34)，434 (M++2, 37). Anal. Calcd for C2oH2502BrSi2： C, 55.55; H, 
5.83. Found: C, 56.04; H, 5.94. 
(k) l,3,5-Tris(4-trimethylsilylfuran-3-yl)benzene (145i) was prepared from 
1,3,5-tribromobenzene (315 mg, 1 mmol) and 144 (498 mg, 1 mmol) to give 145i (256 
mg, 52%) as colorless needles, mp 57-59 °C; m NMR ( CDC I 3 ) 5 0.14 (s, 27H, 
SxSiMes), 7.32 (s, 3H) 7.36 (d, 3H, J = 1.5 Hz), 7.55 ( d � 3 H , J = 1.5 Hz); 13C NMR 
(CDCI3) 6 0.07，119.20，128.13，130.94, 134.49, 140.19, 148.99; MS m/e 492 (M+’ 22). 
Anal. Calcd for C27H3603Si3： C�65.83; H, 7.37. Found: C, 65.64; H, 7.28. 
(I) 4-(Fluoren-9-yl)-3-(tr imethylsi lyI)furan (145j) was prepared from 9-
bromofluorene (368 mg, 1.5 mmol) and 144 (250 mg, 0.5 mmol) to give 145j (205 mg, 
45%) as a yellow solid, mp 64-65。C; ^H NMR (CDC I 3 ) 5 -0.36 (br s, 9H, SiMes), 5.00 
(s, IH), 7.24-7.41 (m, 8H), 6.99 (d, 2H，J = 7.5 Hz); 13C NMR (CDCI3) 5 -0.94，45.68’ 
119.89，125.26，127.31，127.44，127.75, 140.98，142.34, 147.69，149.60; MS m/e 304 
(M+，65). Anal. Calcd for C2oH2oOSi: C, 79.18; H, 6.32. Found: C, 79.03; H, 6.67. 
(m) 4-Piperonyl-3-(trimethylsilyl)furan (145k) was prepared from piperonyl 
chloride (256 mg, 1.5 mmol) and 144 (250 mg, 0.5 mmol) to give 145k (378 mg, 92%) as 
» 
a colorless oil, i H NMR ( CDC I 3 ) 5 0.13 (s, 9H, SiMes), 3.72 (s, 2H, CH2 ) , 5.92 (s, 2H, 
OCH2O ) , 6.64 (d, 2H, J = 8.5 Hz), 6.73 (d, IH, J = 7.6 Hz), 7.14 (d, IH, J = 1.0 Hz), 7.28 
(d, I H , / = 1.3 Hz); 13C NMR ( CDC I 3 ) 5 -0.60，31.63’ 100.79, 108.05，109.26’ 119.14， 
121.56, 128.12，134.19, 141.23, 146.01，147.76, 148.64; MS m/e 320 (M+，100). Anal. 
Calcd for CisHigOsSi: C, 65.66; H, 6.61. Found: C, 65.38; H, 6.55. 
(n) 4-(p-Nitrobenzyl)-3-(trimethylsilyl)furan (130b) was prepared from p-
nitrobenzyl bromide (324 mg, 1.5 mmol) and 144 (250 mg, 0.5 mmol) to give 130b (392 
mg, 95%) as pale-yellow needles, The physical and spectrometric data were identical 
with an authenic sample prepared previously. 
f 
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(o) 4-(/7-Methoxycarbonylbenzyl)-3-(trimethylsilyI)furan (129) was prepared 
from /?-(methoxycarbonyl)benzylbromide (343 mg, 1.5 mmol) and 144 (250 mg, 0.5 
mmol) to give 129 (410 mg, 95%) as a colorless oil, The physical and spectrometric data 
were identical with an authentic sample prepared previously. 
(p) 4-(2,3,4-trimethoxybenzyl)-3-(trimethylsiIyl)furan (1451) was prepared 
from 2,3,4-trimethoxybenzyl chloride (325 mg, 1.5 mmol) and 144 (250 mg, 0.5 mmol) 
to give 1451 (466 mg, 97%) as colorless needles, mp 49-49.5。C; i R NMR (CDCI3) 5 
0.14 (s, 9H, SiMes), 3.75 (s, 2H, CH2), 3.81 (s, 3H, OCH3), 3.82 (s, 3H�OCH3), 3.83 (s, 
3H, OCH3), 6.14 (s, 2H), 7.15 (d, IH, J = 1.3 Hz), 7.29 (d, IH, J = 1.5 Hz); 13C NMR 
(CDCI3) 5 -0.90，31.88，55.82, 60.36, 106.16，118.81，127.50，135.55, 136.83, 140.95, 
148.40’ 153.04; MS m/e 320 (M+, 100). Anal. Calcd for Ci7H2404Si: C, 63.72; H, 7.55. 
Found: C, 63.94; H, 7.91. 
(q) 4" - [p- (3 ' - ( t r imethyIs i ly I furan-4 ' -y l )benzyI ] -3" - ( t r imethy ls i ly l ) furan 
(145m) was prepared from /?-bromobenzyl bromide ( 1 8 7 mg, 0.75 mmol) and 144 (250 
mg, 0.5 mmol) to give 145m (248 mg, 90%) as a colorless oil, i R NMR (CDCI3) 5 0.09 
(s � 9H, SiMes), 1.06 (s�9H； SiMes), 3,80 (s, 2H, CH2), 7.12 (d, 1H ,7= 1.5 Hz), 7.14 (d, 
2H, / = 8.2 Hz), 7.25 (d, 2H, J = 7.0 Hz), 7.26 ( d � I H , J = 1.4 Hz), 7.31 (d, I H , J = 1.4 
Hz), 7.47 (d, l H , / = 1.5 Hz); 13C NMR (CDCI3) 5 -0.52，-0.05，31.65，119.21，127.82, 
128.57, 128.87, 130.99,132.46, 139.19, 140.10，141.34, 148.72; MS m/e 368 (M+, 100). 
Anal. Calcd for C2iH2802Si2： C, 68.43; H�7.66. Found: C, 68.15; H�7.85. 
(r) 2,2 ' -Bis[ (3- t r imethyls i ly l furan-4-y l )methyl ] - l , l ' -b iphenyl (145n) was 
prepared from 2,2'-bromomethy 1-1,1'-bipheny1 (255 mg, 0.75 mmol) and 144 (250 mg, 
0.5 mmol) to give 145n (316 mg, 92%) as a colorless oil, iR NMR (CDCI3) 5 0.03 (s, 
18H, 2xSiMe3)，3.48 (s, 4H，2xCH2)’ 6.83 (d, 2H, J = 1.2 Hz), 7.08-7.26 (m, lOH); i3c 
NMR ( CDC I 3 ) 5 -0.67，29.74，119.10，126.02, 127.40, 128.28, 129.61, 129.81, 137.99’ 
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140.67，141.36，148.22; MS mIe 458 (M+，25). Anal. Calcd for C28H3402Si2： C, 73.31; 
H, 7.47. Found: C, 73.62; H, 7.36. 
(s) 4-(Cinnamyl)-3-(trimethylsilyl)furan (145o) was prepared from cinnamyl 
bromide (296 mg, 1.5 mmol) and 144 (250 mg, 0.5 mmol) to give 145o (mg, 53%) as a 
colorless oil, i H NMR (CDCI3) 5 0.31 (s, 9H, SiMes), 3.44 (d, 2H, J = 5.9 Hz), 6.39-6.47 
(m, 2H)，7.26-7.43 (m, 7H); 13C NMR (CDCI3) 5 -0.39, 29.24, 119.12，126.14，127.11， 
128.51, 131.31, 137.58, 140.49’ 148.46; MS m/e 256 (M+，78). Anal. Calcd for 
Ci6H2oOSi: C, 74.95; H�7.86. Found: C, 74.30; H, 7.23. 
(t) 4-(3-MethoxycarbonyI-/rans-2-propenyl)-3-(trimethylsiIyl)furan (145p) 
was prepared from methyl 4-bromocrotonate (268 mg, 1.5 mmol) and 144 (250 mg, 0.5 
mmol) to give 145p (207 mg, 58%) as a colorless oil, ^H NMR (CDCI3) 5 0.19 (s � 9H, 
SiMes), 3.33 (dd, 2H, J = 1.6，6.4 Hz), 3.70 (s, 3H, CH3), 5.79 (dt, IH, J = 1.7，1.7，15.6 
Hz), 7.06 (dt, IH, J = 6.4，6.4，15.7 Hz), 7.24 (s，2H); 13c NMR (CDCI3) 5 -0.52, 28.32, 
51.19’ 118.90，122.28，124.68，140.69，146.73, 148.56，166.58; MS m/e 238 (M+，14). 
Anal. Calcd for CizHigOsSi: C, 60.47; H, 7.61. Found: C, 60.50; H�7.68. 
(u) 3-(3',5'-dibromophenyl)-4-phenylfuran (147a) was prepared from 1,3,5-
tribromobenzene (188 mg, 0.6 mmol) and 146a (102 mg, 0.2 mmol) to give 147a (136 
mg, 60%) as a colorless oil, ^H NMR (CDCI3) 5 7.18-7.22 (m, 2H), 7.29-7.34 (m � 5H) , 
7.55-7.58 (m，3H); i ^c NMR (CDCI3) 5 122.86，123.70’ 125.85，127.58,128.59, 128.66, 
130.11，131.19, 132.58, 135.90，141.10’ 141.37; MS m/e 376 (M十，42), 378 (M++2, 82)， 
380 (M++4, 40). Anal. Calcd for Ci6HioOBr2： C, 50.83; H, 2.67. Found: C, 51.20; H, 
2.67. 
(V) 4-PiperonyI-3-phenylfuran (147a'): This was prepared from the cross-
coupling of piperonyl chloride (256 mg, 1.5 mmol) and 146a (255 mg, 0.5 mmol) to 
afford 147a' (375 mg, 90%) as an oil. IH NMR (CDCI3) 5 3.77 (s, 2H, CH2), 5.92 (s, 2H, 
r 
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OCHiO), 6.61-6.73 (m, 3H), 7.13 ( s � I H ) , 7.28-7.36 (m 5H), 7.51 (d, l H , / = 1.6 Hz); 
13C NMR (CDCI3) 5 29.98, 100.27, 108.10，109.12，121.46，123.72, 126.82, 127.02， 
127.93, 128.22, 128.50，132.60, 133.90, 140.08，141.48，145.94，147.72; MS m/e 278 
(M+, 100). Anal, calcd for C18H14O3 : C, 77.68; H, 5.07. Found: C，77.85; H , 4.99. 
(w) a,a',a"-Tris[4-09-tolylfuran-3-yI)]mesityIene (147b) was prepared from 
a,a',a"-tribromomesitylene (71 mg, 0.2 mmol) and 146b (110 mg, 0.2 mmol) to give 
147b (60 mg, 54%) as a colorless oil, iR NMR (CDCI3) 5 2.33 (s, 9H, SxCHs), 3.72 (s, 
6 H , 3XCH2)，6.80 (s, 3 H ) , 6 . 9 1 (s, 3H)，7.09-7.27 (m, 1 2 H ) , 7 . 4 6 (d, 3 H , / = 1 . 4 Hz); I^C 
NMR (CDCl3)5 2L05, 30.33, 123.71, 127.03, 128.14, 129.20，129.70, 136.69, 139.83, 
140.23, 141.40; MS m/e 588 (M+, 100). Anal. Calcd for C42H36O3： C, 85.68; H, 6.17. 
Found: C, 85.59; H, 6.10. 
(X) 4-(/rflW5-2-Triinethylsilylvinyl)-3-(p-tolyl)furan and 4- ( l - t r imethy I -
siIylvinyl)-3-07-tolyl)furan (1:2) (147b'): These were prepared from boroxine 146b (276 
mg, 0.5 mmol) and (l-bromovinyl)trimethylsilane (269 mg, 1.5 mmol) to give 147b' (334 
mg, 87%) as an oil. I H NMR (CDCI3) 6 0.08 (s, 9H，SiMes), 0.15 (s, 4.5H, 0.5xSiMe3)， 
2.40 (s, 3H, CH3), 2.43 (s, 1.5H, O.SxCHs), 5.68 (d, IH, J = 3.3 Hz), 5.79 (d, IH, J = 3.3 
J 
Hz), 6.23 (d, 0.5H, J = 19.3 Hz), 6.76 (d, 0.5H, J = 19.3 Hz), 7.18 (d, 2H, J = 8.0 Hz), 
7.26-7.35 (m�5H) , 7.47-7.49 (m’ 1.5H), 7.64 (d, 0 . 5 H � / = 1.5 Hz); 13C NMR (CDCI3) 6 
-1.36, 21.06, 125.23, 125.81, 126.07, 127.72, 128.26, 128.38, 128.94, 129.19，129.79， 
130.08, 131.17, 133.47, 136.37, 136.78, 138.84’ 139.69，140.08，140.55. MS m/e 256 
(M+, 66). Accurate mass calcd for Ci6H2oOSi: 256.1283, found 256.1280. 
(y) 4-(/i-Butyl)-3"(2-methylpropen-l-yl)furan (147c): This was prepared from 
boroxinel46c (225 mg, 0.5 mmol) and 1 -bromo-2-methylpropene (202 mg, 1.5 mmol) to 
give 147c (235 mg, 88%) as an oil. IH NMR (CDCI3) 5 0.91 (t, 3H, J = 7.3 Hz, CH3), 
1.35 (m, 2 H , CH2) , 1.51 (m, 2 H , CH2) , 1.79 (d, 3 H �J = 0.8 H z , C H 3 ) , 1.89 (d, 3 H , J = 
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1.0 Hz, CH3), 2.34 (t, 2H, J = 7.2 Hz, CH2), 5.84 (m, IH), 7.13 (d, I H , / = 1.3 Hz), 7.29 
(d, IH, J = 1.3 Hz); 13C NMR (CDCI3) 5 13.80, 19.98，22.47，23.25, 26.49, 31.68, 
114.10，122.77,125.15，135.59, 138.60, 139.75; MS m/e 178 (M+, 100). Anal. Calcd for 
C12H18O: C, 80.85; H�10.18. Found: C, 80.74; H, 10.32. 
(z) 3-Cyclooctatetraenyl-4-(4'-inethyl-l, l '-biphen-2-yl)furan (147d) was 
prepared from bromocyclooctatetraene (110 mg, 0.6 mmol) and 146(1 (156 mg, 0.2 
mmol) to give 147(1 (181 mg, 90%) as a colorless oil, m NMR (CDCI3) 5 2.32 (s, 3H, 
CH3), 5.31-5.55 (m, 2H)，5.60-5.69 (m，5H), 7.06-7.12 (m, 5H), 7.19 (d, IH, J = 1.7 Hz), 
7.34-7.38 (m, 4H); i^c NMR (CDCI3) 5 21.07, 124.83，126.18, 126.35’ 126.95, 127.86, 
128.48, 128.62, 128.97，129.45，130.21，130,39, 130.93, 131.39, 131.84，132.08, 133.86， 
136.18，138.63, 140.48，141.60; MS m/e 336 (M+, 100). Anal. Calcd for C25H20O: C, 
89.25; H, 6.00. Found: C, 89.17; H, 6.03. 
(aa) 3-(Naphth-l-yl)-4-(/rflns-hept-l-en-l-yl)furan (147e) was prepared from 
trans-1 -iodoheptene (134 mg, 0.6 mmol) and 146e (132 mg, 0.2 mmol) to give 147e (160 
mg, 92%) as a colorless oil, iR NMR (CDCI3) 8 0.80 (t, 3H, J = 6.4 Hz, CH3), 0.90-1.30 
(m, 6 H , 3 X C H 2 ) , 1 . 8 7 (m, 2H)，5.56 (dt, I H , J = 7 .0 ’ 7 . 0，17 Hz), 5 . 9 3 (d， IH,7=16Hz), 
» 
7.40-7.52 (m, 5H), 7.59 (d, IH, J = 1.3 Hz), 7.84-7.90 (m, 3H); I3c NMR (CDCI3) 5 
13.86，22.39，28.82, 31.09, 32.96，118.75，123.88, 124.98，125.29, 125.84, 125.99, 
126.50，128.01, 128.08, 130.37, 132.29, 132.72, 133.77, 139.32, 141.50; MS m/e 290 
(M+，100). Anal. Calcd for C21H22O: C�86.85; H, 7.64. Found: C, 86.86; H, 7.75. 
(ab) 3-(p-Nitrobenzyl)-4-(phenanthen-9-yl)furan (147f) was prepared from 9-
bromophenanthrene (154 mg, 0.6 mmol) and 146f (137 mg, 0.2 mmol) to give 147f (198 
mg, 87%) as colorless needles, mp 101-102。C; iR NMR (CDCI3) 6 3.51 (s, 2H�CH2), 
6.80 (d, 2H, J = 8.5 Hz), 7.24 (s, IH), 7.34-7.68 (m� lOH) , 8.58 (t, 2H, J = 8.0 Hz); i^c 
NMR (CDCI3) 5 30.23, 122.52, 122.85, 123.13, 124.21, 124.89, 126.41, 126.57，126.90， 
- 145 -
127.98，128.40，128.89,130.15，130.42，131.25，131.54，140.43, 141.52，146.31，147.37; 
MS m/e 379 (M+，100). Anal. Calcd for C25H17O3N: C, 79.13; H, 4.52; N, 3.69. Found: 
C, 79.04; H, 4.85; N, 3.60. 
(ac) 3-(p-Nitrobenzyl)-4,ll-dihydroanthro[2,3-Z>]furan (147r) was prepared 
from 2,3-bis(bromomethyl)naphthalene (94 mg, 0.3 mmol) and 1 4 6 f (68 mg, 0.1 mmol) 
to give 1 4 7 f , (65 mg, 61%) as a pale-yellow powder: mp 174-175 °C; iR NMR (CDCI3) 
6 3.77 (t, 2H, J = 3.7 Hz, CH2), 3.92 (s, 2H, CH2), 4.17 (t, 2H, J = 3.7 Hz, CH2), 7.24 (d, 
IH, J = 3.1 Hz), 7.38-7.43 (m, 4H), 7.68-7.74 (m, 4H), 8.16 (d, 2H, J = 8.7 Hz); i^c 
NMR (CDCI3) 5 26.84, 28.24, 30.22，114.99，121.56，123.79, 125.62, 127.09，127.75, 
127.99, 129.35, 131.29, 131.75, 132.19, 138.79, 146.88, 147.62, 149.31; MS m/e 355 
(M+, 100). Anal. Calcd for C23H17O3N: C�77.72; H, 4.82; N�3.94. Found: C, 77.53; H, 
4.76; N, 3.89. 
(ad) 3-(/ra/is-Hex-l-en-l-yl)-4-(methoxycarbonylbenzyl)furan (147g) was 
prepared from frfl«5-l-iodohexene (126 mg, 0.6 mmol) and 1 4 6 g (145 mg, 0.2 mol) to 
give 1 4 7 g (166 mg, 93%) as a colorless oil, iR NMR (CDCI3) 5 0.77 ( t�3H, J = 7.0 Hz, 
CH3), 1.10-1.26 (m, 4H，2xCH2)，1.97 (m，2H,/=6.6 Hz), 3.77 (s, 2H, CH2), 3.81 (s, 
3H, OCH3), 5.70-5.79 (m, IH), 5.93 (d, l H , / = 16.2 Hz), 6.96 (d, I H � / = 0.8 Hz), 7.18 
( d , 2 H , J = 8 . 1 H z ) , 7 . 3 3 ( d , I H , J = 1 . 2 H z ) , 7 . 8 8 ( d , 2 H , / = 8 . 1 H z ) ; i ^ c N M R (CDCI3) 
5 13.78，22.06, 30.40, 31.43, 32.86，51.83, 118.64, 122.05，124.03, 128.34, 128.55， 
129.76, 132.17, 139.87, 141.13，145.26，166.98; MS mIe 298 (M+, 100). Anal. Calcd for 
C19H22O3: C, 76.48; H, 7.43. Found: C, 76.57; H, 7.07. 
(ae) 3-(/?-Broniophenyl)-4-(p-methoxycarbonyIbenzyl)furan (147g') was 
prepared from 1,4-dibromobenzene (71 mg, 0.3 mmol) and 1 4 6 g (72.6 mg, 0.1 mmol) to 
give 147g' (90 mg, 81%) as a colorless oil, iR NMR (CDCI3) 5 3.88 (s, 2H, CH2), 3.90 
(s, 3 H , CH3) , 7 .13 (d, 2 H �J = 8.6 H z ) , 7 .16 (d, I H , J = 0.8 H z ) , 7.22 (d, 2 H , J = 8.2 H z ) , 
7.45 (d, 2 H �J = 8.2 H z ) , 7 .51 (d, I H , J = 1.6 H z ) , 7 .94 (d, 2 H , J = 8.2 H z ) ; i ^ c N M R 
- 146 -
(CDCls) 5 30.22，51.92’ 121.28, 122.42, 126.08，128.26, 128.55, 129.84, 130.13, 130.47， 
130.51, 131.33, 131.75, 132.05, 140.37，141.79, 143.25, 145.16，166.95; MS mle 370 
(M+，54)，372 (M十+2，58). Accurate mass calcd for CiQHisOsBr 370.0179, found 
370.0174. 
(af) 3-(o-Tolyl)-4-(3',4',5'-trimethoxybenzyl)furan (147h) was prepared from 
2-iodotoluene (65 mg, 0.3 mmol) and 146h (82 mg, 0.1 mmol) to give 147h (90 mg, 
78%) as a colorless oil, i H NMR (CDCI3) 6 2.08 (s, 3H, CH3), 3.53 (s, 2H, CH2), 3.71 (s, 
6H , 2XCH3)，3.80 (s, 3H , CH3 ) , 6 . 16 (s, 2H ) , 7 . 08 - 7 . 23 (m, 4H ) , 7 . 2 8 - 7 . 3 0 (m, 2H ) ; I^C 
NMR (CDCI3) 5 19.99, 30.54, 56.01, 60.71，106.09，124.82, 125.36, 125.87’ 127.59’ 
129.64, 130.73,131.87, 135.63,137.31,139.95,140.31,153.00; MS mle 338 (M+，100). 
Anal. Calcd for C21H22O4： C, 74.53; H, 6.55. Found: C, 74.21; H, 6.75. 
(ag) 4,4'-bis(tr imethylsi lyl)-3,3'-bifuran (155a) was prepared from tris[(4-
t r imethy ls i ly l ) furan-3-y l ]borox ine (144) (249 mg, 0.5 mmol) and 4-iodo-3-
(trimethylsilyl)furan (120) (400 mg, 1.5 mmol) to give 155a (371 mg, 89%) as an oil, iR 
NMR (CDCI3) 5 0.10 (s, 18H, 2xSiMe3)，7.33 (d, 2H, J = 1.2 Hz), 7.41 (d, 2H, J = 1.5 
Hz); 13c NMR (CDCI3) 5 -0.22, 120.65, 121.53, 141.79，147.87; MS m/e 278 (M+, 25). 
I 
Anal. Calcd for Ci4H2202Si2： C, 60.38; H, 7.96. Found: C, 60.50; H � 7.56 . 
(ah) 4-Trimethylsilyl-4'-(/7-niethoxycarbonylbenzyl)-3,3'-bifuran (157) was 
prepared from tris[(4-trimethylsilyl)furan-3-yl]boroxine (144) (100 mg, 0.2 mmol) and 3-
iodo-4-(p-methoxycarbonylbenzyl)furan (150c) (205 mg, 0.6 mmol) to afford 157 (168 
mg, 79%) as an oil. i H NMR (CDCI3) 5 0.17 (s � 9H, SiMe〗)’ 3.76 (s, 2H, CH2), 3,94 (s, 
3H, CH3), 7.21-7.24 (m, 4H), 7.37 (d, IH, J = 1.3 Hz), 7.45 (d, IH, J = 1.4 Hz), 7.98 (d� 
2H, J = 8.1 Hz); 13c NMR (CDCI3) 6 -0.49，30.07，51.75，111.03, 118.63，118.97, 
120.07, 123.96, 128.28, 128.53, 129.64, 140.43，141.43，141.51，145.42，148.26，166.84; 
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MS m/e 354 (M+, 65). Anal. Calcd for C2oH2204Si: C, 67.77; H, 6.26. Found: C, 67.72， 
H, 6.62. 
(ai) 4-TrimethylsiIyl-4'-(/?-nitrobenzyl)-3,3'-bifuran (159a) was prepared from 
tris[(4-trimethylsilyl)furan-3-yl]boroxine (144) (100 mg, 0.2 mmol) and 3-iodo-4-(p-
nitrobenzyl)furan (150b) (197 mg, 0.6 mmol) to afford 159a (143 mg, 70%) as a pale-
yellow wax. IH NMR (CDCI3) 5 0.11 (s, 9H, SiMe�)，3.77 (s, 2H, CHy，7.19 (d, IH, J = 
I.5 Hz), 7.23-7.26 (m, 3H), 7.32 (d, IH, J = 1.5 Hz), 7.40 (d, IH, J = 1.6 Hz), 8.10 (d, 2H, 
J = 8.8 Hz); 13c NMR (CDCI3) 5 -0.46, 29.98, 109.72, 118.55’ 118.87,120.13, 123.31， 
123.58，129.34, 140.37，140.50，141.46，141.74，147.75, 148.46. MS m/e 341 (M+, 100); 
Accurate mass calcd for CigHipOANSi 341.1083, found 341.1075. 
(aj) 4-Trimethylsilyl-4'-(p-tolyl)-3,3'-bifuran (159b) was prepared from tris{[4-
(p-tolyl)]furan-3-yl}boroxine ( 1 4 6 b ) (234 mg, 0.3 mmol) and 4-iodo-3-
(trimethylsilyl)furan (120) (240 mg, 0.9 mmol) to afford 159b (213 mg, 80%) as an oil. 
IH NMR (CDCI3) 5 0.24 (s, 9H, SiMes), 2.55 (s, 3H, CH3), 7.31 (d, 2H, J = 8.1 Hz), 
7.39 ( d � 2 H , J = 8.3 Hz), 7.58 ( d � I H , / = 1.5 Hz), 7.59 (d, I H , / = 1.5 Hz), 7.64 ( d � I H , J 
=1.8 Hz), 7.84 (d，IH, J = 1.7 Hz); 13c NMR (CDCI3) 5 -0.59, 21.02，117.45, 119.75， 
120.34, 126.94,127.63, 129.11，129.31, 136.58,139.53, 141.80，141.91，148.43; MS m/e 
296 (M+, 75). Anal. Calcd for CigHaoOaSi: C, 72.93; H, 6.80. Found: C, 73.44; H, 6.67. 
(ak) 4-TrimethyIsilyI-4'-(n-butyl)-3,3'-bifuran (159c) was prepared from tris[4-
(w-butyl)furan-3-yl]boroxine (146c) (135 mg, 0.3 mmol ) and 4- iodo-3-
(trimethylsilyl)furan (120) (160 mg, 0.6 mmol) to afford 159c (141 mg, 90%) as an oil. 
IH NMR (CDCI3) 5 0.11 (s, 9H, SiMeg)，0.85 (t, 3H，J = 7.2 Hz), 1.29 (m’ 2H)，1.41 (m, 
2H), 2.28 (t, 2H, J = 12 Hz), 7.21 ( d � I H , J = 1.3 Hz), 7.31 (d, I H , J = 1.6 Hz), 7.33 (d, 
IH, / 二 1.5 Hz), 7.41 (d, IH, / = 1.4 Hz); 13c NMR (CDCI3) 5 -0.40，13.76, 22.42, 23.48， 
f 
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31.62, 118.67，119.73，120.26, 125.79, 139.17, 140.94，141.31，148.22; MS mIe 262 (M+, 
66). Anal. Calcd for CisHazOzSi: C, 68.65; H, 8.45. Found: C, 69.00; H, 8.35. 
(al) 4,4"-Bis(trimethylsilyl)-3,3':4',3"-terfuran (162) was prepared from 160 
(160 mg, 0.2 mmol) and 4-iodo-3-(trimethylsilyl)furan (120) (140 mg, 0.6 mmol) to 
afford 162 (188 mg, 91%) as colorless microcrystalline solids, mp 68-68.5 °C; ^H NMR 
(CDCI3) 5 0.12 (s, 18H, 2xSiMe3)，7.22 (d, 2H, J = 1.3 Hz), 7.31 (d，2H, J = 1.2 Hz), 7.47 
(d, 2H, J = 0.5 Hz); 13c NMR (CDCI3) 6 -0.40，118.76，119.34, 119.72，140.85’ 141.61, 
148.52; MS mfe 344 (M+，26). Anal. Calcd for Ci8H2403Si2： C, 62.75; H, 7.02. Found: 
C, 62.86; H�7.10. 
(am) 4-Tr imethylsi lyI-4"-( /7-ni t robenzyI)-3,3' :4 ' ,3"- terfuran (163). was 
prepared from 160 (140 mg, 0.2 mmol) and 3-iodo-4-(p-nitrobenzyl)furan (150b) (197 
mg, 0.6 mmol) to afford 163 (151 mg, 62%) as a pale-yellow wax. iR NMR (CDCI3) 5 
0.03 (s, 9H, SiMes), 3.77 (s�2H), 7.08 (d, IH, / = 1.0 Hz), 7.15 (d, IH, / = 1.5 Hz), 7.23-
7.28 (m, 3H), 7.33 (d, IH, J = 1.5 Hz), 7.36 (d, IH, J = 0.4 Hz), 7.39 (d, IH, J = 1.3 Hz), 
8.09 (d, 2H, J = 8.4); 13c NMR (CDCI3) 5 -0.57，30.28，110.91’ 116.68，117.96，119.49， 
122.13, 123.65, 129.23, 139.82, 141.11，141.28, 141.44，141.58，143.51, 147.31，148.64; 
I 
MS, m/e 407 (M+，53). Anal. Calcd for C22H2i05NSi: C, 64.85; H, 5.19; N, 3.44. Found: 
C, 64.90; H, 5.04; N�3.68. 
General procedure for the palladium-catalyzed reaction of boroxines with 
orf/io-bis(bromoniethyl)arenes. (a) 3-Trimethylsilyl-4,9-dihydrona-phtho[2,3-^]furan 
(154a) and 4,4'-bis(trimethylsilyI)-3,3'-bifuran (155a). To a stirred solution containing 
1,2-bis(bromomethyl)benzene (117 mg, 0.45 mmol), tris[(4-trimethylsilyl)furan-3-
yl]boroxine (144) (150 mg, 0.3 mmol) and tetrakis(triphenylphosphine)palladium(0) (35 
mg, 0.03 mmol) in MeOH/PhMe (1/1，30 mL) was added a 2 M NaaCOs solution (4 mL). 
The reaction mixture was heated at reflux for 3-4 h, and was then poured into ice-water 
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(50 mL). The resulting mixture was extracted with Et20 (3x50 mL). The combined ether 
extracts were dried over MgS04, and the solvent was removed. The residue was purified 
by chromatography on silica gel (40 g, hexanes) to give 154a (60 mg, 55%) and 155a (50 
mg, 40%). 154a: an oil; iR NMR (CDCI3) 5 0.36 (s, 9H, SiMe〗)’ 4.01 (d, 2H, J = 4.6 Hz, 
CH2), 4.08 (d, 2H，J = 4.6 Hz, CH2), 7.30-7.38 (m, 5H); l3c NMR (CDCI3) 5 -0.60， 
27.94, 29.08, 118.11，126.24, 129.44, 129.62, 130.17, 132.65, 134.15，141.22, 146.19， 
148.46; MS m/e 242 (M+, 68). Anal. Calcd for CisHigOSi: C, 74.35; H, 7.49. Found: C, 
74.25; H, 7.52. 155a: The physical and spectrometric data were identical with an 
authentic sample prepared previously. 
(b) 3-TrimethyIsiIyl-4,13-dihydrotriphenyIeno[2,3-^]furan (154b) was 
prepared from 9,10-bis(bromomethyl)phenanthrene (273 mg, 0.75 mmol) and tris[(4-
trimethylsilyl)furan-3-yl]boroxine (144) (250 mg, 0.5 mmol) to afford 154b (118 mg, 
46%) and 155a (58 mg, 28%). 154b: a pale-yellow microcrystalline solid; mp 110-112 
°C; IH NMR (CDCI3) 5 0.37 (s, 9H, SiMes), 4.24-4.31 (m, 4H, 2xCH2)，7.37 (s, IH), 
7.62-7.69 (m, 4H), 8.02-8.14 (m, 2H), 8.70-8.73 (m, 2H); 13c NMR (CDCI3) 5 -0.40， 
26.22，27.54, 117.18，118.02，121,85, 123.63, 123.77’ 126.09，126.58，127.62, 129 .87 , 
131.40,146.43, 148.55; MS m/e 342 (M+, 100). Anal. Calcd for C23H220Si: C, 80.67; H, 
6.48. Found: C, 80.27; H, 6.40. 
(c) 3-TrimethylsiIyl-4,ll-dihydrophenanthro[2,3-^]furan (154c) was prepared 
f r o m 1,2-bis(bromomethyl)naphthalene (235 mg, 0.75 mmol) and tris[(4-
trimethylsilyl)furan-3-yl]boroxine (144) (250 mg, 0.5 mmol) to afford 154c (61 mg, 28%) 
and 155a (62 mg, 30%). 154c: a pale-yellow wax; iR NMR (CDCI3) 5 0.35 (s, 9H, 
SiMes), 4.06-4.10 (m�2H), 4.31-4.35 (m�2H), 7.31-7.41 (m, 2H), 7.51-7.59 (m, 2H), 7.75 
(d, IH, J = 8.5 Hz), 7.87 (d, IH, J = 7.6 Hz), 7.99 (d, IH, J = 8.3 Hz); 13c NMR (CDCI3) 
5 -0.54，25.47, 30.09，117.55, 122.97, 125.21, 126.25, 12.6.81，127.51, 127.84，128.40, 
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129.11，131.49，132.34, 132.49, 141.29，146.34’ 148.95; MS mIe 292 (M+，51). Anal. 
Calcd for CigHsoOSi: C, 78.05; H, 6.90. Found: C, 77.66; H, 7.12. 
(d) 3-TrimethyIsilyI-4,ll-dihydroanthro[2,3-Z»]furan (154(1) was prepared from 
2,3-bis(bromomethyl)naphthalene (141 mg, 0.45 mmol) and tris[(4-trimethylsilyl)furan-3-
yljboroxine (144) (150 mg, 0.3 mmol) to afford 154d (60 mg, 46%) and 155a (37 mg, 
30%). 154(1: a pale-yellow microcrystalline solid, mp 102-103。C; i R NMR (CDCI3) 6 
0.32 (s, 9H�SiMe3), 4.13 (d, 2H, J = 3.8 Hz), 4.19 (d, 2H, J = 3.8 Hz) 7.31 (s, IH), 7.40-
7.52 (m, 2H), 7.76-7.80 (m，4H); 13c NMR (CDCI3) 5 -0.56, 28.03，29.00, 118.31, 
125.44, 127.10，127.67, 127.89, 131.69，132.20, 132.38, 132.76, 141.38, 146.26, 148.66; 
MS m/e 292 (M+, 36). Anal. Calcd for CigHzoOSi: C, 78.05; H, 6.90. Found: C, 78.29; H, 
7.18. 
(e) 3-(/;-methoxycarbonylbenzyl)-4,ll-dihydroanthro[2,3-ft]furan (154e) and 
4,4'-bis(p-methoxycarbonylbenzyl)-3,3'-bifuran (155b) were prepared from 2,3-bis-
(bromomethyl)naphthalene (88 mg, 0.28 mmol) and tris[4-(p-methoxycarbonylphenyl)-
furan-3-yl]boroxine (146g) (130 mg, 0.18 mmol) to afford 154e (58 mg, 57%) and 155b 
(28 mg, 24%). 154e: a pale-yellow powder; mp 147-148。C; i R NMR (CDCI3) 5 3.63-
f 
3.66 (m, 2H, CH2)，3.75 (s, 2H, CH2), 3.79 (s, 3H, OCH3), 4.02-4.05 (m, 2H, CHy，7.10 
(s, IH, J = 0.6 Hz), 7.23 (d, 2H, / = 8 Hz), 7.27-7.31 (m, 2H), 7.54 (s, IH), 7.60-7.64 (m, 
3H), 7.89 (d，2H, / = 8 Hz); 13c NMR (CDCI3) 5 26.83, 28.21, 30.32, 51.87，115.11， 
122.29, 125 .49 , 127.07, 127.69, 127.89, 128.61, 129.85, 131.43, 132.02, 132.12, 132.29, 
138.58, 145.28, 148.89，166.96; MS m/e 368 (M+，10). Anal. Calcd for C25H20O3： C， 
81.49; H, 5.48. Found: C, 81.06; H, 5.29. 155b: colorless needles; mp 132-132.5 °C; ^H 
NMR (CDCI3) 5 3.61 (s, 4H, 2xCH2)，3.81 (s, 6H, 2XOCH3), 6.81-7.11 (m, 8H), 7.84 (d, 
4H, J = 6.3 Hz); 13c NMR (CDCI3) 8 30.12, 51.83, 116.43’ 123.28，128.47, 129.73, 
140.94，145.14，166.84; MS m/e 430 (M+, 44). Anal. Calcd for C26H22O6： C, 72.53; H, 
5.15. Found: C, 72.55; H, 4.86. 
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(f) 3-(p-methylphenyI)-4,ll-dihydroanthro[2,3-ft]furan (154f) and 4,4'-bis(p-
methy lpheny l ) -3 ,3 ' -b i fu ran (155c) w e r e p r e p a r e d f r o m 2,3-
bis(bromomethyl)naphthalene (47 mg, 0.15 mmol) and tris[4-(p-methylphenyl)furan-3-
yljboroxine (146b) (55 mg, 0.1 mmol) to afford 154f (19 mg, 41%) and 155c (9 mg, 
18%). 154f: a pale-yellow microcrystalline solid; mp 178-180 °C; i R NMR (CDCI3) 5 
2.33 (s, 3H, CH3), 4.16 (s, 4H), 7.16-7.19 (m�2H), 7.32-7.36 (m, 4H), 7.50 (s, IH), 9.70-
9.77 (m，4H); 13c NMR (CDCI3) 5 21.13, 28.36, 29.71, 114.14，125.57, 127.11, 127.19’ 
127.75, 127.88, 127.99, 128.94, 129.52, 131.47, 132.54，136.67, 137.64, 139.87，141.55， 
149.25; MS m/e 310 (M+, 100). Accurate mass calcd for C23H18O 310.1357, found 
310.1377. 155c: colorless needles; mp 104-105。C; i R NMR (CDCI3) 5 2.29 (s, 6H, 
2XCH3), 7.00 (dd, 4H, J = 6.4，6.6Hz), 7.06 (dd, 4H, J = 6.0，6.4Hz), 7.25 (d, 2H,7=1.8 
Hz), 7.50 (d, 2H, J = 1.6 Hz); 13C NMR (CDCI3) 5 21.05，115.91, 126.84’ 127.96, 
128.93，129.21，136.58, 139.84, 141.52; MS m/e 314 (M+, 100). Anal. Calcd for 
C22H18O2： C, 84.05; H, 5.77. Found: C, 84.58; H, 6.07. 
»» 
(g) 3-(n-Butyl)-4,l l-dihydroanthro[2,3-^]furan (154g) and 4�4，-bis(w-butyl)-
3,3'-bifuran (155d) were prepared from 2,3-bis(bromomethyl)naphthalene (47 mg, 0.15 
f 
mmol) and tris[4-(Ai-butyl)furan-3-yl]boroxine (146c) (45 mg, 0.1 mmol) to afford 154g 
(22 mg, 52%) and 155d (10 mg, 22%). 154g: a pale yellow solid; mp 67-68。C; ^H NMR 
(CDCI3) 5 0.88 (t, 3H, J = 7.3 Hz, CH3), 1.30-1.56 (m, 4H), 2.34-2.40 (m, 2H), 3.91 (t, 
2H, J =3.8 Hz), 4.07 (t, 2H, J = 3.8 Hz), 7.09 (s, IH), 7.30-7.34 (m, 2H), 7.66-7.69 (m, 
4H); 13c NMR (CDCI3) 5 13.85, 22.54, 23.34, 27.15, 28.06, 31.72, 115.23，124.45， 
125 .47 , 126.87，127.13, 127.71，127.94, 131.96, 132.25, 132,43, 132.61，137.50, 148.12; 
MS m/e 276 (M+, 17). Anal. Calcd for C20H20O: C, 86.91; H, 7.30. Found: C, 86.83; H, 
7.48. 155d: colorless needles; mp 132-132.5。C; i H NMR (CDCI3) 5 0.82 (t, 6H, J = 7.2 
Hz, 2XCH3), 1.18-1.34 (m, 4H, 2xCH2)，1.37-1.46 (m, 4H, 2xCH2)’ 2.30 (t, 4H, J = 7.5 
Hz, 2XCH2), 7.18 (dd, 2 H , / = 1.1，1.1 Hz), 7.32 (d, 2H, J = 1.7 Hz); 13c NMR (CDCI3) 5 
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13.76，22.46, 23.83, 31.50, 117.11, 125.31, 139.52, 140.17; MS mIe 246 (M+, 84). Anal. 
Calcd for C16H22O2： C，78.00; H, 9.01. Found: C, 78.10，H, 8.97. 
(h) Bifuran 155a (186 mg, 89%) was prepared from the coupling reaction of 
l,2,4,5-tetrakis(bromomethyl)benzene (450 mg, 1 mmol) with 144 (250 mg, 0.5 mmol). 
The physical and spectrometric data were identical with an authentic sample prepared 
previously. 
(i) Bifuran 155a (108 mg, 87%) was prepared from the coupling reaction of 1,4-
dimethyl-2,3-bis(bromomethyl)benzene (130 mg, 0.45 mmol) with 144 (150 mg, 0.3 
mmol). The physical and spectrometric data were identical with an authentic sample 
prepared previously. 
(j) Bifuran 155a (188 mg, 90%) was prepared from the coupling reaction of 2,3-
bis(bromomethyl)quinoxaline (111 mg, 0.7 mmol) with 144 (250 mg, 0.5 mmol). The 
physical and spectrometric data are identical with an authentic sample prepared 
previously. 
General procedure for palladium-catalyzed reduction of boroxines. (a) 3-[o-
f 
(p-tolyl)phenyl]furan (156d). A mixture of tris(4-[o-(p-tolyl)phenyl]furan-3-yl}boroxine 
(146d) (156 mg, 0.2 mmol) Pd(PPh3)4 (46 mg, 0.04 mmol) in MeOH/PhMe (1/1，20 mL) 
was stirred for 5 min, after that 1 M NasCO〗 solution (4 mL) was added. The reaction 
mixture was further stirred and refluxed for 4 h. After addition of water (50 mL) and 
cooled to room temperature, the mixture was extracted with Et20 (3x30 mL). The 
combined organic extracts were dried (MgS04) and concentrated. Purification by 
chromatography on silica gel (hexanes/Et20, 5/1)，yielded 156d (94 mg, 70%) as a 
colorless needle, mp 54-55 °C; ^H NMR (CDCI3) 5 2.38 ( s � 3 H , CH3), 6.10 (m, IH) , 
7.10-7.17 (m, 5H), 7.22-7.25 ( m � I H ) , 7.30-7.35 (m, 3H), 7.42-7.45 (m, IH); l ^ c NMR 
(CDCI3) 5 21.10，111.34,125.78,127.08,12733,128.79,129.23,129.38,130.68,131.27, 
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136.61，139.08, 140.23，140.83, 142.15; MS rule 224 (M+’ 100). Anal. Calcd for 
C17H14O: C, 87.14; H, 6.03. Found: C, 87.15; H, 6.01. 
(b) 3-/i-Nitrobenzylfuran (156f) as a pale-yellow oil (200 mg, 66%) was prepared 
from 146f (344 mg, 0.5 mmol). iR NMR (CDCI3) 5 3.86 (s, 2H，CH�)，6.21 (d, IH, / = 1 
Hz), 7.24 (s, IH), 7.35 (d, 2H, J = 8.9 Hz), 7.36 (s, IH), 8.11 (d, 2H, J = 8.7 Hz); 13C 
NMR (CDCI3) 5 30.96, 110.87，122.50, 123.58, 129.23, 139.82, 143.43, 146.68’ 148.01. 
MS m/e 203 (M+, 100). Accurate mass calcd for C11H9O3N 203.0579, found 203.0549. 
(c) 3-methoxycarbonyIbenzylfuran (156g). as an oi l (252 mg, 78%) was 
prepared from 146g (363 mg, 0.5 mmol). iR NMR (CDCI3) 5 3.79 (s, 2H, CH2), 3.87 (s, 
3H, CH3), 6.19 Hz), 7.19 (s, IH), 7.25 (d, 2H, J = 8.6 Hz), 7.34 (s, IH), 7.94 (d, 2H, J = 
8.2 Hz); 13c NMR (CDCI3) 5 31.27, 51.86，111.11’ 123.40，128.59, 129.85, 139.78， 
143.26, 145.75, 166.98. MS m/e 216 (M+, 50); Accurate mass calcd for C13H12O3 
216.0786，found 216.0812. 
(d) 3-(3',4',5'-TrimethoxybenzyI)furan (156h) as an oil (111 mg, 75%) was 
prepared from 146h (164 mg, 0.2 mmol). iR NMR (CDCI3) 5 3.82 (s, 9H, 3XOCH3), 3.77 
(s, 2H, C H 2 ) , 6.25 (m, 1H)’'6.43 (s, 2H), 7.23 (s, IH), 7.36 ( s � I H ) . l ^ c NMR (CDCI3) 5 
31.42，56.15，60.71，106.09，111.17，124.07, 135.90，139.61，143.02, 153.31; MS m/e 248 
(M+, 100). Anal. Calcd for C14H16O4, C, 67.73; H, 6.49. Found: C, 67.88; H�6.54. 
General procedure for palladium-catalyzed self-coupling reactions of 
boroxines. (a) 4,4'-bis(p-methoxycarbonylbenzyl)-3,3'-bifuran (155b). A mixture of 
tris[(4-(p-methoxycarbonylbenzyl)furan-3-yl]boroxine (146g) (363 mg, 0.5 mmol), 2,3-
bis(bromomethyl)quinoxaline (126 mg, 0.4 mmol), and Pd(PPh3)4 (46 mg, 0.04 mmol) in 
MeOH/PhMe (1/1，20 mL) was stirred for 5 min. After that 1 M NasCO〗 solution (4 mL) 
was added, the reaction mixture was further stirred and refluxed for 4 h. After addition of 
water (50 mL) and cooling to room temperature, the mixture was extracted with Et20 
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(3x30 mL). The combined organic extracts were dried (MgS04) and concentrated. 
Purification by silica gel chromatography (40 g, hexanes/EtaO, 5/1) yielded 155b (248 
mg, 77%), whose physical and spectroscopic data were identical with an authentic sample 
prepared previously. 
(b) 4,4 ' -b is( / i -buty l ) -3,3 ' -b i furan (155d) was prepared from tris[(4-«-
b u t y l ) f u r a n - 3 - y l ] b o r o x i n e ( 1 4 6 c ) (225 mg, 0.5 mmol) and 2,3-
bis(bromomethyl)quinoxaline (0.4 mg, 0.4 mmol) to afford 155d (147 mg, 80%), whose 
physical and spectroscopic data were identical with an authentic sample prepared 
previously. 
(c) 4,4'-bis(phenyl)-3,3'-bifuran (158a) was prepared from tris[(4-phenyl)furan-
3-yl]boroxine (146a) (255 mg, 0.5 mmol) and 2,3-bis(bromomethyl)quinoxaline (126 mg, 
0.4 mmol) to afford 158a (161 mg, 75%), colorless prisms; mp 126-127。C; ^H NMR 
(CDCI3) 5 7.03-7.07 (m � lOH) , 7.25 (d, 2H, J = 1.6 Hz), 7.44 (d, 2H, J = 1.8 Hz); 13c 
NMR (CDCI3) 5 115.82, 126.84, 127.96’ 128.17，132.10, 140.13, 141.49; MS m/e 286 
(M+, 100). Anal. Calcd for C20H14O2： C, 83.89; H, 4.93. Found: C, 83.70; H, 5.01. 
(d) 4,4'-bis[o-(p-tolyl)phenyl]-3,3'-bifuran (158d) was prepared from tris{4-[o-
(p-tolyl)phenyl]furan-3-yl)boroxine (146d) (78 mg, 0.1 mmol) and 2,3-
bis(bromomethyl)quinoxaline (32 mg, 0.1 mmol) to afford 158d (36 mg, 52%) and 3-[o-
(p-tolyl)phenyl]furan (156d) (15 mg, 21%). 158d: colorless needles; mp 152-153。C; ^H 
NMR (CDCI3) 5 2.30 (s，6H, 2XCH3), 6.53 (d, 2H, J =1.1 Hz), 6.76 (dd, 2H, / = 1.6，1.7 
Hz), 6.85 (dd, 4H, J = 2.0，6.5 Hz), 6.96 (d, 4H, J = 7.9 Hz), 7.01 (d, 2H, / = 1.6 Hz), 7,11 
(m, 2H), 7.25-7.28 (m, 4H); 13c NMR (CDCI3) 5 21.02，117.05, 125.44, 126.81, 127.60， 
128.32, 129.17，129.99, 130.46, 131.14，136.02, 138.70, 139.66, 140.46’ 141.66; MS m/e 
466 (M+,100). Anal. Calcd for C34H26O2： C, 87.52; H, 5.61. Found: C, 87.51; H, 5.47. 
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The physical and spectrometric data of 156d were identical with an authentic sample 
prepared previously. 
(e) 4�4，，，-Bis(triinethylsilyl)-3�3，:4，，3，，:4，，，3，，，-quaterfuran (164). was prepared 
from 160 (139 mg, 0.2 mmol) and 2,3-bis(bromo-methyl)quinoxaline (47 mg, 0.15 mmol) 
to afford 164 (97 mg, 79%) as a colorless microcrystalline solid, mp 60-61。C; ^H NMR 
(CDCI3) 5 0.03 (s, 18H, 2xSiMe3)，7.02 (d, 2H, J = 1.6 Hz), 7.29 (dd, 4H, J = 1.3，1.6 
Hz), 7.36 (d, 2H，/= 1.3 Hz); 13c NMR (CDCI3) 5-0.51,117.34,117.77’ 119.75,120.46， 
139.92, 141.33, 141.79, 148.43; MS mIe 410 (M+, 18). Anal. Calcd for C22H2604Si2： C, 
64.36; H, 6.38. Found: C, 64.59, H, 6.29. 
if) 4，4，，，-Bis(p-toIyl)-3，3，:4，，3，，:4，，，3，，，-quaterfuran (165) and 4-(p-tolyl)-3^'-
bifuran were prepared f rom 161 (145 mg, 0.2 mmol) and 2,3-
bis(bromomethyl)quinoxaline (47 mg, 0.15 mmol) to afford 165 (67 mg, 50%) and 4-(p-
tolyl)-3,3'-bifuran (34 mg, 25%) (The physical and spectrometric data are identical with 
an authentic sample prepared previously). 165: colorless needles, mp 134-135 °C; ^H 
NMR (CDCI3) 5 2.33 (s, 6H, 2XCH3), 7.05-7.06 (m, lOH), 7.15-7.16 (m, 4H), 7.47-7.48 
( d � 2 H � / = 1.4 Hz); MS mIe 446 (M+, 41). Anal. Calcd for C30H22O4： C, 80.70; H, 4.97. 
r 
Found: C, 80.72; H, 4.95. 4-(p-Tolyl)-3,3'-bifuran: an oil; iR NMR (CDCI3) 6 2.37 (s, 
3H, CH3), 6.34 (m，IH), 7.14 (dd, 3H, J = 8.0，0.6 Hz), 7.24 (d, 2H, J = 8.0 Hz), 7.37 (d, 
IH, J = 1.8 Hz), 7.47 (d, IH, J = 1.6 Hz), 7.54 (d, IH, J = 1.6 Hz). MS m/e 224 (M+， 
100). Anal. Calcd for C15H12O2： C, 80.34; H, 5.39. Found: C�80.64; H, 5.45. 
3，，，，，，:4，，，，，，，3，，’，，，，-octifuran (166). To a solution of 164 (82 mg, 0.2 mmol) in CH2CI2 
(20 mL) was added a solution of BCI3 (1.0 M) in CH2CI2 (0.3 mL) under a nitrogen 
atmosphere at -78 °C. After 50 h, The reaction was quenched with 2 M NaiCO; solution 
(3 mL) and the mixture was extracted with Et20 (3x30 mL). The organic layer was dried 
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(MgS04)，and the solvent was evaporated. The crude product was chromatographed on 
silica gel (30 g, hexanes/Et20, 1/1) to give the corresponding boroxine intermediate, 
which was reacted under self-coupling condition as stated above to afford 166 (13 mg, 
20%) as a wax. iR NMR (CDCI3) 5 0.03 (s, 9H, SiMes), 0.08 (s, 9H, SiMes), 7.07 (d, IH, 
J = 1.8 Hz), 7.08 (d, I H , J = 1.8 Hz), 7.14 (d, I H , J = 1.7 Hz), 7.17 ( d � I H , J = 1.7 Hz), 
7.19 ( d � I H , J = 1.9 Hz),7.20 (d, IH, J = 1.5 Hz), 7.21 (d, IH, J = 1.5 Hz), 7.26 ( d � I H , J 
=1.5 Hz), 7.27 (d, IH, J =1.5 Hz), 7.28 ( d � l H � / = 1.3 Hz), 7.31 (d, I H , 7 = 1 . 7 Hz), 7.35 
(d, IH, J = 1.5 Hz), 7.36 (d, IH, J =1.1 Hz), 7.38 (d, IH, J = 1.8 Hz), 7.44 (d, IH, / = 1.5 
Hz), 7.45 (d, IH, J = 1.7 Hz); 13c NMR (CDCI3) 5 -0.54，-0.46，110.48，115.76’ 116.00， 
117.02，117.36, 117.52, 119.60，120.21, 139.42, 139.91，140.54, 140.82，i41.19, 141.37, 
141.64，141.73, 142.98, 148.51; MS(CI) mIe 675 (M++1, 2). Anal. Calcd for 
C38H3408Si2: C, 67.64, H, 5.08; Found: C, 67.75; H, 4.68. 
Palladium-catalyzed self- and cross-coupling reaction of boroxines 144 and 
146g. A mixture of 144 (75 mg, 0.15 mmol), 146g (109 mg, 0.15 mmol), 2,3-
bis(bromomethyl)quinoxaline (95 mg, 0.3 mmol), and Pd(PPh3)4 (35 mg, 0.03 mmol) in 
MeOH/PhMe (1/1，50 mL) was stirred for 5 min. After that 1 M NaaCO] solution (3 mL) 
was added, the reaction mixture was further stirred and refluxed for 4 h. After addition of 
water (50 mL) and cooling to room temperature, the mixture was extracted with EtaO 
(3x30 mL). The combined organic extracts were dried (MgSO*) and concentrated. 
Purification by silica gel chromatography (50 g�hexanes/Et20,7/1) yielded 155a (22 mg, 
0.08 mol)，155b (34 mg, 0.08 mmol), and 157 (32 mg, 0.09 mmol). Their physical and 
spectrometric data were identical with an authentic sample prepared previously. 
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Crystallographic data for trisf4-(trimethylsilyllfuran-3-yllboroxine (144) 
Molecular formula 
Molecular weight 
Color and habit 
















Unique data measured 
Obs. data with 1 Fo I ~ 6cr( I Fo I) 
No. of variables, p 
RF ~ l: 11 Fo -I F J Ill: 1 Fd 
Wlghtlng scheme 
RG= [l:wd Fo-I FJ )2/l:1 F~2]1/2 
RF = [l: w (I Fo -I FJ )21 (n_p)]1/2 




colorless rectangle cut 
a = 10.685 (5) A a. = 900 
b = 11.524 (2) ~ = 90 
c = 23.752 (7) y= 90 
V = 2149.5 (1.5) A3, Z = 4, F(OOO) = 960 
1.02 g cm-3 
P212121 (No. 19) 








0.537 to 0.637 
ro-scan; 3.30 to 14.56 dge mln-1 
0.800 below Ka. to 0.900 above K~ 
stationary counts for one-fifth of scan 
time at each end of scan range 





w = [~(Fo) = 0.00030 I Fol2r1 
0.070 
2.64 
+0.22 to -0.23 eA-3 
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fltomic coordinates (X184) and equiualent isotropic 
thermal parameters (fl^ x lB^)for t r is[4-( tr imethylsi ly l )-
furan-3-yllboroKine (144). 
Atom X 了 z U eg 
Si(l) 3446(2) 8226(2) 797(1) 77(1) 
Si(2) 1459(2) 2340(2) 2521(1) 65(1) . 
Si(3) 3812(2) 8093(2) 4224(1) 78(1) 
B(l) 2569(8) ^ 6159(4) 1929(3) - ‘ • 5 8 ( 3 ) . 
. B ( 2 ) 2284(8) 5410(5) 2853(2) 57(3) 
B(3) 3208(8) 7277(5) 2717(2) 55(3) 
0(1) 2201(5) 5280(4) 2280(2) • 56(2) 
0(2) 2834(5) 6392(3) 3063(2) 57(2) 
0(3) 3069(6) 7155(3) 2147(2) 59(2) 
0(4) 1847(7) 5111(6) 468(2) 103(3) 
0(5) 1137(9) 3740(6) " 4068(3) 124(4) 
0(6) 4711(6) 10159(4) 2909(3) 91(3) 
C(l) 2690(8) 6754(7) 814(3) 64(3) 
C(2) 2371(10) 6155(8) 361(4) 95(4) 
C(3) 1878(9) 5049(8) 1051(4) 85(4) 
C(4) 2359(8) 5998(6) 1286(3) 61(3) 
C(5) 1447(7) 3269(6) 3142(3) 68(3) 
C(6) 1059(12) 2898(9) 3679(4) 105(5) 
C(7) 1609(11) 4659(8) 3814(4) 93(4) 
C(8) 1818(8) 4486(6) • 3257(3) 59(3) 
C(9) 4059(7) 8777(6) 3531(3) 62(3) 
C(10) 4581(9) 9821(8) 3477(5) 88(4) 
C(ll) 4195(8) 9271(6) 2614(4) 74(3) 
C(12) 3799(7) 8406(6). 2950(3) 56(3) • 
C(13) 2426(10) 9284(7) 1169(4) 86(4) 
C(14) 5040(8) 8150(7) 1125(4) 91(4) 
C(15) 3631(12) 8658(8) 46(4) 117(5) 
C(16) 2972(9) 2416(8) 2146(4) 84(4) 
C(17) 171(8) 2787(7) 2044(4) 85(3) 
C(18) 1163(9) 822(6) 2785(4) 84(4) 
C ( 1 9 ) 4 6 0 0 ( 1 0 ) 6683(7) 4272(5) 1 0 4 ( 4 ) 
C(20) 2108(10) 7937(10) 4356(4) 116(5) 
C(21) 4509(11) 9077(9) . 4754(4) .127(5) 
^gg defined as one third of the trace of the orthogonalized U tensor 
• 
-174 - . 
Rnisotropic thermal parameters (fl2 ^ 103) fo r tris【4-
( tnmethy ls i Iy l ) furan-3-y I IboroKlne (144). 
Atom U u 〜 ^jj ^IJ . 
Si(l) 101(2) 57(1) 72(1) 2(1) 5(2) 6(1) 
Si(2) 55(1) 50(1) 89(2) -9(1) -2(1) 2(1) 
Si(3) 75(2) 82(2) 77(2) -1(1) -5(2) -20(1) 
B(l) 66(6) 51(4) 55(5) -2(4) 1(5) -3(4) 
B(2) 58.(6) 47(4) 66(6) 1(5) 3(5) 0(5) 
B(3) 50(5) 49(4) 66(6) 8(4) -2.(4) -4(4) 
0(1) 69(3) 49(3) 52(3) -9(3) -2(3) -3(2) 
0(2) 66(3) 51(3) 53(3) -8(3) -1(3) 1(2) 
0(3) 67(4) 46(3) 64(4) -10(3) -6(3) 2(2) 
0(4) 145(6) 93(4) 71(4) -37(5) -11(4) -11(4) 
0(5) 193(8) 103(5) 76(5) -54(6) -6(5) 14(4) 
0(6) 99(5) 55(3) 118(5) -22(3) -13(4) -5(4) 
C(l) 73(6) 62(4) 55(4) -1(4) 0(5) 1(4) 
C(2) 130(9) 84(6) 71(6) -22(7) -3(6) 7(6) 
C(3) 108(8) 79(6) 68(6) -25(6) -15(6) -5(5) 
C(4) 61(5) 55(4) 67(5) 0(4) 10(4) 4(4) 
C(5) 64(5) 63(4) 76(6) -14(4) • -10(5) 13(4) 
C(6) 160(10) 75(6) 81(7) -37(7) -15(8) 14(6) 
C(7) 144(10) 75(5) 60(6) -38(6) 3(6) 9(5) 
C(8) 68(5) 56(4) 54(5) -10(4) -8(4) 0(4) 
C(9) 54(5) 49(4) 82(6) 5(4) -17(4) -15(4) 
C(10) 76(6) 66(5) 127(9) -4(5) -9(7) -25(6) 
C(ll) 73(6) 54(4) 96(7) -4(4) -13(5) -3(5) 
C(12) 53(5) 46(4) 69(5) 3(3) -4(4) -6(4) 
C(13) 106(9) 84(6) . 67(7) 26(5) -4(6) . 13(5) 
C(14) 86(7) 78(5) 109(8) 0 ( 5 ) 16(7) 13(5) 
C(15) 154(10) 78(6) 120(8) -16(7) 23(9) 7(6) 
C(16) 64(7) 82(6) 106(8) 0(5) 29(7) -3(6) 
C(17) 86(6) 75(5) 95(6) -13(5) -22(6) -7(5) 
C(18) 74(6) 58(5) 119(8) -14(4) 12(6) 6(5) 
C(19) 1 1 4 ( 9 ) 87(6) 111(8) 2(6) -25(7) 16(6) 
C(20) 114(9), 138(9) 95(7) -26(8) 23(7) -39(7) 
C(21) 146(11) 137(9) 99(8) 1(9) -3(8) -35(7) 
* 2—— * * 
The exponent takes the form: -2jr JJ U. .h.h .a. .a.. 
iJ i J 1 ：^ . 
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Bond lengths (A) and angles ( ” for tris[4-
(trimethylsilyl)furan-3-yi]boroKine (144). 
Si(l)-C(l) 1.882(8) Si(l)-C(13) 1.863(9) 
Si(l)-C(14) 1.879(9) Si(l)-C(15) 1.866(9) 
Si(2)-C(5) 1.826(8) • Si(2)-C(16) 1.851(9) 
S i ( 2 ) - C ( 1 7 ) 1 . 8 6 0 ( 9 ) S L ( 2 ) - C ( 1 8 ) 1 . 8 8 8 ( 7 ) 
Si(3)-C(9) 1.849(9) Si(3)-C(19) 1.836(9) 
Si(3)-C(20) 1.859(9) Si(3)-C(21) 1.854(9). 
B(l)-0(1) 1.371(7) B(l)-0(3) 1.371(7) 
B(l)-C(4) 1.557(9) B⑵-0(1) 1.375(6) 
B(2)-0(2) 1.372(8) B(2)-G(8) 1.522(9) 
B(3)-0(2) 1.372(7) B(3)-0(3) 1.374(7) 
B(3)-C(12) 1.551(9) 0(4)-G(2) 1.35(1) 
0(4)-C(3) 1.390(9) 0(5)-G(6) 1.34(1) 
0(5)-G(7) 1.32(1) 0(6)-C(10) 1.41(1) 
0(6)-C(ll) 1.36(1) C(l)-G(2) 1.33(1) 
C(l)-C⑷ 1.47(1) C(3)-C(4) 1.33(1) 
C(5)-C(6) 1.41(1) C(5)-C(8) 1.49(1) 
C(7)-C(8) 1.36(1) G(9)-C(10) 1.34(1) 
C(9)-C(12) 1.47(1) C(ll)-C(12) 1.35(1) 
C(l)-Si(l)-C(13) 109.2(4) C(l)-Si(l).C(U) 109.9(4) 
C(13)-Si(l)-G(U) 111.4(4) C(l)-Si(l)-C(15) 107.9(4) 
C(13)-Si(l)-G(15) 110.0(4) C(14)-Si(l)-C(15) 108.3(5) 
C(5)-Si(2)-C(16) 111.6(4) ： C(5)-Si(2)-C(17) 109.0(4) 
C(16)-Si(2)-C(17) 109.9(4) C(5)-Si(2)-C(18) 105.9(4) 
C(16)-Si(2)-C(18) 110.6(4) C(17)-Si(2)-C(18) 109.7(4) 
C ( 9 ) - S L ( 3 ) - C ( 1 9 ) 1 1 1 . 5 ( 4 ) C ( 9 ) - S i ( 3 ) - C ( 2 0 ) . 1 0 9 . 4 ( 4 ) 
G(19)-Si(3)-C(20) 110.8(5). C(9)-Si(3)-0(21) 106.7(4) 
G(19)-Si(3)-C(21) 108.5(5) C(20)-Si(3)-C(21) 109.9(5) 
0(l)-B(l)-0(3) 120.2(5) 0(1)-B(1)-C(4) 118.0(5) 
0(3)-B(l)-C(4) 121.9(5) 0(1)-B(2)-0(2) 118.7(5) 
0(1)-B(2)-C(8) 122.0(5) 0(2)-B(2)-C(8) 119.3(5) 
0(2)-B(3)-0(3) , 119.0(5) 0(2)-B(3)-C(12) 122.0(5) 
0(3)-B(3)-C(12) 119.0(5) 
B(l)-0(1)-B(2) 120.3(5) • B(2)-0(2)-B(3) 111 4(4) 
B(l)-0(3)-B(3) 120.2(5) G(2)-0(4)-G(3) 103.0(7) 
C(6)-0(5)-C(7) 106.8(7) C(10)-0(6)-C(ll) 104.2(6) 
Si(l)-C(l)-C(2) 124.3(7) Si(l)-C(l)-C(4) 131.2(6) 
C(2)-C(l)-C(4) 104.5(7) 0(4)-C(2)-C(l) 114.7(8) 
0(4)-C(3)-C(4) 112.7(8) B(l)-C(4)-C(l) 130.3(6) 
B(l)-C(4)-C(3) 124.4(7) C(l)-0(4)-C(3) 105.2(7) 
Si(2).C(5).C(6) 123.9(6) Si(2)-C(5)-C(8) 134.7(6) 
C(6)-C(5)-C(8) 101.4(7) 0(5)-C(6)-C(5) 112.7(8) 
0(5)-C(7)-C(8) 113.0(8) ‘ B(2)-G(8)-C(5) 129.3(6) 
B(2)-C(8)-C(7) 124.6(7) C(5)-C(8)-C(7) 106.0(7) 
Si(3)-C(9)-C(10) 122.1(7) Si(3)-Cr(9)-C(12) 133.4(5) 
G(10)-C(9)-C(12) 104.5(8) 0(6)-C(IO)-C(9) 112.5(8) 
0(6)-C(ll)-C(12) 112.4(8) B(3)-C(12)-C(9) 131.0(6) 
B(3)-C(12)-C(ll) 122.6(7) C(9)-C(12)-C(ll) 106.4(6) 
r 
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iH and ^^C NMR spectra of 
bis (trimethylsilyl)furan (105) 
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iH and 13c NMR spectra of 4-(ethoxycarbonyl)-3-
(trimethylsilyl)furan (106) 
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iH and 13c NMR spectra of 2,4-
bis (trimethylsilyl)furan (107) 
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1h and 13c N M R spectra of 3,4-bis (trimethylsilyl) 
furan-2-carbaldehyde (112) 
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iH and ^^c NMR spectra of 4- (trimethyl-
silyl) furan-2-aldehyde (113) 
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1h and 13c NMR spectra of 2-acetyl-
3,4-bis (trimethylsilyl)furan (114) 
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1h and 13c nmR spectra of 3- (P, p-dimethylacryloyl) -4-
(trimethylsilyl)furan (118) 
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1h and ^^C NMR spectra of 2- (p, p-dimethylacryloyl) -4-
(trimethylsilyl)furan (119) 
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iH and ^^C NMR spectra of 4- (trai3s-2-cyanovinyl) -3-
(trimethylsilyl)furan (121a) 
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1h and 13c N M R spectra of 4-(traus-2-acetylvinyl)-3-
(trimethylsilyl)furan (121b) 
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1h and 13c NMR spectra of 4- (trai3S-2-ethoxy-
carbonylvinyl)-3- (trimethylsilyl)furan (121c) 
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1h and 13c NMR spectra of 4-(1-hydroxy-
methylvinyl)-3-(trimethylsilyl)furan (122a) 
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1h and 13c NMR spectra of 4-[1-(p-tolyl)-
vinyl]-3- (trimethylsilyl)furan (122c) 
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1h and 13c NMR spectra of 2,3-bis {tratns-2-
ethoxycarbonylvinyl)-4-(trimethylsilyl)furan (125) 
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ifl and 13c N M R spectra of 3- (trimethylsilyl)-4-
(trimethylsilylethynyl)furan (127a) 
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1h and 13c NMR spectra of 4-[(cis-methoxyvinyl)-
ethynyl]-3-(trimethylsilyl)furan (127b) 
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1h and 13c NMR spectra of 4-(cis-5-hydroxy-3-
methyl-1-pentenyl)-3-(trimethylsilyl)furan (127c) 
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1h and 13c N M R spectra of 4-(trans-5-hydroxy-3-
methyl-l-pentenyl)-3-(trimethylsilyl)furan (127d) 
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1h and 13c NMR spectra of 4-(4-hydroxybutynyl)-3-
(trimethylsilyl)furan (127e) 
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iH and I3c NMR spectra of [(土）_3-hydroxy_l_butynyl】-3-
(trimethylsilyl)furan(127f) 
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1h and 13c NMR spectra of 4-[(1-hydroxycyclopentyl)-
ethynyl�-3-(trimethylsilyl)furan (127g) 
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mmm 
1h and 13c NMR spectra of 4- [3- (benzylmethylaxnino)-
propyn-l-yl]-3-(trimethylsilyl)furan (127h) 
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1h and 13c nMR spectra of 4-phenyl-3-
(trimethylsilyl)furan (128a) 
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1h and 13c NMR spectra of 4-(p-tolyl) -3-
(trimethylsilyl)furan (128b) 
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1h and 13c N M R spectra of 4- (2,5-dimethoxyphenyl)-3-
(trimethylsilyl)furan (128c) 
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1h and 13c NMR spectra of 4-(p-methoxycarbonyl-
benzyl)-3- (trimethylsilyl)furan (129) 
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1h and 13c NMR spectra of 4-(p-acetylphenyl)-3-
(trimethylsilyl)furan (145a) 
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1h and 13c NMR spectra of 4-(p-acetylphenyl)-3-
(trimethylsilyl)furan (145a) 
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1h and 13c NMR spectra of 4-(p-acetylphenyl)-3-
(trimethylsilyl)furan (145a) 
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1h and 13c NMR spectra of 4- (naphth-l-yl)-3-
(trimethylsilyl)furan (145b) 
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1h and 13c NMR spectra of 4- (4'-methyl-1,1'-
biphen-2-yl)-3-(trimethylsilyl)furan (145c) 
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1h and i^C NMR spectra of 4-(p-bromoacetyl-
phenyl)-3-(trimethylsilyl)furan (145e) 
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1h and 13c NMR spectra of 4,4'-bis[3-
(trimethylsilyl)furan-4-yl]-o-terphenyl (145f) 
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1H and 13c NMR spectra of 1,4-bis[4-
(trimethylsilyl)furan-3-yl]benzene (145g) 
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1h and 13c NMR spectra of l-bromo-3,5-bis[4-
(trimethylsilyl)furan-3-yl]benzene (145h) 
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1h and 13c NMR spectra of 1,3,S-tris[4~ 
(trimethylsilyl)furan-3-yl]benzene (145i) 
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1h and ^^C NMR spectra of 4- (fluoren-9-yl)-3-
(trimethylsilyl)furan (145j) 
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45 
1h and 13c NMR spectra of 4-(p-acetylphenyl)-3-
(trimethylsilyl)furan (145a) 
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1h and i^c NMR spectra of 4- (2,3,4-trimethoxy-
benzyl)-3- (trimethylsilyl)furan (1451) 
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47 
iH and 13c NMR spectra of A"-{p-13'- (trimethylsilyl)-
furan-4' -yl]benzyl}-3' ' - (trimethylsilyl) furan (145m) 
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48 、 
^H and ^^C NMR spectra of 2,2'-bis{[3-(trimethylsilyl)-
furan-4-yl]methyl}-1r1'-biphenyl (145n) 
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50 
iH and ^^c nmr spectra of 4- (3-methoxycarbonyl-traiis-
2-propenyl)-3-(trimethylsilyl)furan (145p) 
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51 I 
1h and 13c n m r spectra of tris[4-(phenyl)-
furan-3-yl]boroxine (146a) 
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52 
iH and i^C NMR spectra of tris[4-(p-tolyl)-
furan-3-yl】boroxine (146b) 
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53 
ifl and 13c NMR spectra of tris[4-(n-Butyl) 
furan-3-yl]boroxine (146c) 
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iH and ^^C NMR spectra of tris[4-(naphth-l-yl)-
furan-3-yl]boroxine (146e) 
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iH and 13c NMR s p e c t r a o f t r i s [ 4 - ( p - N i t r o b e n z y l ) -
f u r a n - 3 - y l 】 b o r o x i n e (146 f ) 
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57 
1h and 13c NMR spectra of tris[4-(p-Methoxy-
carbonylbenzyl)furan-3-yl]boroxine (146g) 
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58 
iH and i^C NMR spectra of tris [4-(3' , 4' , 5'-
t r i m e t h o x y b e n z y l ) f u r a n - 3 - y l ] b o r o x i n e (146h) 
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59 
1h and 13c NMR spectra of 3-{3,,5,-difaromophenyl)-
4-phenylfuran (147a) 
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61 
1h and 13c NMR spectra of a, a' ,CL' '-tris [4-
(p-tolylfuran-3-yl)]mesitylene (147b) 
1/ HI 、 ’ V 
mJ C D C l j 
l . ' j 
, [ ] ) i j 、 I、 
山 130 120 ‘ l l o 100 • 9 0 3 0 • 70 ‘ 60 • 50 40 • 3 0 ‘ ？ T ^ 
P P H 
-koknlooloolaknJ-K| <nI 
r SKSCe 啊•SKS si ^ 
‘ > 
Me C D C l j 
I I 
J U i ^ U U L _ X _ _ 
^ i \ 11 « ua o) in ^ \ / 
J ro tv « Kl Ni q O 
7 , J I I I I • 丨 丨 丨 ’ 丨 . … … … ； 
7 : 。 . “ . 6：0 S 、 . ： 5 V o " ' '3：5 3 : 。 … 2 : S 丨 ’ 2 : 。 ’ 
62 
iH and ^^C NMR spectra of 4- {trans-
2-(trimethylsilylvinyl)-3-(p-tolyl)furan 
and 4- (1-trimethylsilylvinyl)-3-
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64 
1h and 13c NMR spectra of 3-cyclooctatetraenyl-
4- (4'-methyl-1,1'-biphen-2-yl)furan (147d) 
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iH and i^C NMR spectra of 3-(naphth-l-yl)-
4- (trazis-hept-l-en-l-yl) furan (147e) 
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1h and 13c N M R spectra of 3-(p-nitrobenzyl)-
4-(phenanthen-9-yl)furan (147f) 
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67 
ifil and 13c N M R spectra of 3 - ( p - n i t r o b e n z y l ) -
4,11-dihydroanthro[2,3-b]furan (147f') 
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68 
iH and ^^c NMR spectra of 3- (trans-hex-l-en-l-yl)-
4- (methoxycarbonylbenzyl)furan (147g) 
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^H and ^^C NMR spectra of 3- (p-bromophenyl)-
4-(p-methoxycarbonylbenzyl)furan (147g') 
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1h and 13c NMR spectra of 3-(o-tolyl)-
4- (3',4',5'-1rimethoxybenzyl)furan (147h) 
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ifl and 13c NMR spectra of 3-iodo-4-
(p-nitrobenzyl)furan (150b) 
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1h and ^^C NMR spectra of 3-iodo-4-
(p-methoxycarbonylbenzyl)furan (150c) 
^ irjr^  uyrj 个m -j — 
— inrN — „ ac caowHir i^�^ UJ o ^ cnjco <n»rs|fNn^  ^T er 
\ 、 r 
0 CDCI3 
f si r 
J , 
、 LU j i , . L_ -J 
i s ds ^ ’ S I 
5 - j i ' -1 -
'_ , ' I • ' ' . I u ' • • . . . I ’ • • I I I I • • I I ' • • I ' ' ' • I ' " ' 1 'I 'I 丨 I I • ' • ' I • ， • • I ’ • ' ' I ' ' ’ • I • • ' ' I • • • ' I ' ' ' ' 1 I _ 
8 . 0 7 . 5 7 . 0 6 . 5 6 . 0 5 . 5 5 . 0 a . 5 a.O 3 . S 3 . J 2 . 5 2 .C 1 . 5 l . f l . 5 0 . 0 
PPM 
^ rc • 二二 ？ ？R [dzd m fsj 0. U3« a aitzicnkoi • ' • ^ ® a. iO w « « fva^  rv pv 03 (71 ^ „ 
— — • 一 — r N r s j r v t O tr IO 
r/ \l 
I 
I • - ‘ 
I -
, I I - I 




 a n d
 H w n
 a M R
 s i > e c t : r a
 o r t
 t i r i s
 (办I 


























 d c ^ d o i c ;


























C L 1 
I I I I Z M H 
I
 d











 n ^ 




r T T T T - I T t T T f T m r y T - r T T T T T T T - l m r r T T T T ^ r J T T T T T T T T T I T T T T T T T r T J T T T T T T T T - r y m T T T m l T T m - r T T - *
 | - r m " r T T T " f
 l " T " r " r T T T T T T I - r m T T - r T T J T m T T " f " T - r ^ T T m T T " T T I " T T T T T t - r t T 『 T T T T f T r r T y r






















1h and 13c NMR spectra of 4-(p-nitrobenzyl)-3-
nonyn-l-ylfuran (152b) 
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iH and ^^C NMR spectra of 3- (1-cyclohexenylethynyl)-
4- (p-methoxycarbonyIbenzy1)furan (152c) 
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iH and I3c NMR spectra of 3- (trimethylsilyl)-
4,9-dihydrona-phtho[2,3-b]furan (154a) 
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iH and I3c NMR spectra of 3- (trimethylsilyl)-
4,13-dihydrotriphenyleno [2, 3-i)】 furan (154b) 
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iH and ^^C NMR spectra of 3- (trimethylsilyl)-
4,11-dihydroanthro[2,3-b]furan (154d) 
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iH and 13c NMR spectra of 3-(p-methoxycarbonylbenzyl)-
4,11-dihydroanthro [2, 3-Jb] furan (154e) 
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iH and ^^C NMR spectra of 3- (p-methylphenyl)-
4,11-dihydroanthro [2, 3-Jb] furan (154f) 
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iH and i^C NMR spectra of 3- (n-Butyl)-
4,11-dihydroanthro[2,3-b]furan (154g) 
•u 卞 h i 卞 竹 1T•丨 卞叫1 T^-tTH-hi-Mi M 
OC 〜—”T>rv|rsl oiomtvw roKnrv lu'iu^rr ("nivwr^ r Jr 4 .-•c 
Ui a>fcr»fr ro mjowrnirsirJ cr ci'd'T'mTi uTjuij 〜 z —— 一-叫•Mi一 一 -‘*M""1 I 丨 i .W \P 
"Bu 
c c a > 
CDCI3 
- ' r ^ / - r z , 
I 
_ _ _ j l A ^ 丄 ] 、 J h j 、 
1 -J -J i M ^ H HR R ^ i-j M f-i r-1 
' '丨…丨丨丨丨丨丨丨丨丨丨… - , , ’ ， 丨 ， … I J … 丨 ， ， ， 丨 I _丨 ’，,丨丨 _ _ 
3 - Q 7 . 5 7 . 0 6 . 5 6 . 0 5 . 5 5 . 0 4 . S a .Q 3 . ' ; 3 . 0 2."5 2 . 0 1 . 5 1.(1 . 5 0 . 0 
PPH 
S： ； 田參3 i 「、由 q 
一 丁 •^丁 1丁 H I j I 
W F // V/// 
"Ru 
o c c o 
CDC13 




iH and 13仁 nmr spectra of 4, 4'-bis (trimethylsilyl)-
3,3'-bifuran (155a). 
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iH and ^^c nmR spectra of 4,4' -bis (p-methoxy-
carbonylbenzyl)-3,3'-bifuran (155b). 
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iH and i^C NMR spectra of 4,4' -bis (p-methylphenyl)-
3,3'-bifuran (155c) 
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iH and ^^c NMR spectra of 4,4' -bis (u-butyl)-
3,3'-bifuran (155d) 
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1h and 13c NMR spectra of 3- [o- (p-tolyl)-
phenyl]furan (156d) 
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iH and ^^C NMR spectra of 3- (p-
nitrobenzyl)furan (156f) 
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1h and 13c NMR spectra of 3- (p-methoxy-
carbonylbenzyl)furan (156g). 
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iH and ^^c NMR spectra of 3-(3',4',5'-
trimethoxybenzyl)furan (156h) 
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iH and i^C NMR spectra of 4- (trimethylsilyl) -4' - ！ 
(p-methoxycarbonyIbenzy1)-3,3'-bifuran (157) 
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iH and ^^C NMR spectra of 4,4' -bis (phenyl)-
3,3'-bifuran (158a) 
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iH and 13c NMR spectra of 4, 4,-bis [o- (p-tolyl)phenyl】_ 
3,3'-bifuran (158d) 
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ifl and 13c NMR spectra of 4-(trimethylsilyl)-4'-
(p-nitrobenzyl)-3,3'-bifuran (159a) 
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iH and 13C NMR spectra of 4- (trimethylsilyl)-
4'-(p-tolyl)-3,3'-bifuran (159b) 
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iH and 13c NMR spectra of 4- (trimethylsilyl)-
4' -(n-butyl)-3,3'-bifuran (159c) 
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iH and 13C NMR spectra of tris [4' - (trimethylsilyl)-
3,3'-bifuran-4-yl]boroxine (160) 
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iH and ^^c NMR spectra of tris - (p-tolyl)-
3,3'-bifuran-4-yllboroxine (161) 
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iH and 13c NMR spectra of 4, 4''-bis (trimethylsilyl)-
3,3':4',3'‘-terfuran (162) 
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ifl and 13c NMR spectra of 4- (trimethylsilyl)-
4 ' , _ ( p - n i t r o b e n z y l ) - 3 , 3 ' , 3 ' ' - t e r f u r a n (163) 
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iH and 13c NMR spectra of 4,4'" -bis (trimethylsilyl)-
3 , 3 ' : 4 ' , 3 ' ' : 4 ' ' , 3 ' ' ‘ - q u a t e r f u r a n ( 1 6 4 ) 
-"MIII'J^ "hhMI 
一 o —® 
ut o k> cojeojorv rv r —j— — — —j—-
W r 、Y 
i ft 0 0 
‘ I C D C I 3 
^ ^ ^ I, 
/ / / - , 
I 丨 I I 
J U i L 
•J 、 
a oc � o (o o o w rv. 、 二 UJ c n o o 4 I— 
5 〜 一 ⑦ 
• ； . • . ； I ； . • ' 人 . . . ’ I ’ _ ‘ - ‘ • - . • I . , • , I • ‘ ‘ • I ‘ ‘ ‘ • I ‘ • ‘ • I ‘ ‘ • ‘ I • , ‘ , I ‘ ‘ • ‘ I ‘ _ ‘ , I . • • ‘ 卜 
7 . 0 6 . 5 6 . 0 S . 5 5 . 0 4 . S a . a 3 . 5 3 . 0 2 . 5 2 . 0 1 . 5 1 . 0 . 5 0 . 0 
P P M 
•ol 十 I 叫 t o i 小 _ fMl-lol -
•n IN "Ojcr «ifN IN to u>io|i/» tr 
a. CO —<oil OlCTi fV IN, rvirvko . 
1 I fl 
f i O S 丨 Mej 
、0 0 
CDC13 




I . . . I ‘ ‘ I I ‘ I • • • I I I I I 1 1 1 1 1 
I S O 1 1 0 1 3 0 1 2 U 1 1 0 1 0 0 9 0 8 0 7 0 6 0 5 0 4 0 J O 2 0 1 0 0 












































































































































































































































i H and 1 3 c n m r spectra of 4, … … _ b i s (trimethylsilyl)-
,3' ' -.A' ' ,2" ' lA" ' ,3" " '.V " ,3' ' " ' " ' ' , 3 " ' " ' : 
4 … …， 3 ,… … 一 o c t i f u r a n (166) 
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